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EVOLUTION OF ANIMAL BREEDING. 


The breeding of domestic animals dates back to remote antiquity, 
when the most advanced races of the Old World were still on the 
border line between savagery and barbarism. It far antedates any 
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but the simplest mechanical arts. Yet, while our knowledge of the 
laws of nature as they apply to machines has reached very great 
magnitude and complexity, it is comparatively only a few years since 
the principles of breeding have been more than a collection of unre- 
lated traditional beliefs. The same superstitions on which the 
shepherds cf Asia based their practices at least 30 centuries ago are 
still widely current, while the one sound principle known to the 
ancients—selection of the best for breeding stock—is still widely 
neglected. 

The earliest records show that the domestic animals had already 
become much modified from their wild ancestry. The process of 
change, however, had probably been exceedingly gradual and has 
continued so until very recently. A thoroughly self-conscious move- 
ment toward improvement of livestock dates back hardly more than 
a century and a half. Robert Bakewell, of Leicestershire, England, 
is credited with being the pioneer in this movement. 

The breeders of the time of Bakewell suspected him of possessing 
and concealing special principles of breeding. It is often believed 
to-day that successful breeders have some mysterious method of 
which others are ignorant. Instead, the principles of the successful 
breeder have been exceedingly simple. He isolates and fixes a good 
type by careful selection and close breeding. If ambitious to take a 
greater step in advance, he crosses types with characteristics which 
seem to offer possibilities for a desirable combination and fixes the 
new ideal by continued selection and close breeding. He brings 
inferior stock up to a higher level by consistent use of prepotent 
sires of the same improved type. The difficulty les not so much 
in knowing the principles as'in applying them. Without skill in 
feeding and management, the possibilities of the animals can not be 
brought out in such way as to give a satisfactory basis for selection. 
Selection of breeding stock, moreover, requires the best judgment in 
estimating the merits of the animal’s own performance, its conforma- 
tion, ancestry, and previous success as a breeder, and also in giving 
each of these its due weight. Good judgment, industry, and per- 
sistence in following a given aim, as well as knowledge of sound 
principles, have been the qualities which have made successful 


breeders. 
REPRODUCTION. 


THE CELL THEORY. 


There could be no clear ideas of breeding until something was 
known in detail of the processes through which a new individual 
starts on his career and develops. -The most important step in this 
direction was the discovery that all living organisms are built up of 
microscopical living units, the cells, with characteristics which do 
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not differ greatly in the most widely different plants and animals. 
These cells are semifluid bits of living matter, each bounded by a 
membrane. Each contains within itself a differentiated portion 
called the nucleus. The details of the structure are brought out by 
the use of dyes, which are seized upon by certain cell structures and 
not by others. Thus if an animal of plant tissue is properly pre- 
served and stained with hematoxylin, a dye from logwood, a number 
of threadlike or rod-shaped bodies, called chromosomes, are made 
visible in the nucleus of each cell, through their taking on of a dark- 
blue color. 

It has been found that the number of these chromosomes in the 
cells of each kind of animal or plant is constant, with certain quali- 
fications, one of which will be taken up later. There are, for in- 
stance, 40 in swine, 48 in man, 8 in the fruit fly, 20 in corn, and 14 
in peas. A great deal of attention has been devoted to the chromo- 
somes in recent years, as it has been demonstrated that they play an 
all-important part in heredity and the determination of sex. We 
shall have occasion to refer to them later. | 

A study of any rapidly growing part of a young animal soon re- 
veals cells which are in the act of dividing to form two cells. New 
cells are formed in the body only in this way. The individual begins 
his career as a single cell. This divides into two, the daughter cells 
divide, and so on until the trillions of cells of the adult body are 
produced. : 

THE REPRODUCTIVE CELLS. 


The original single cell, though barely visible to the naked eye, 
-Inust somehow contain within itself all the potentialities, physical 
and mental, of the organism into which it is to develop. The char- 
acteristics of both the paternal and maternal lines of ancestry must 
be represented init. It is, in fact, the product of the fusion between 
two cells, one a sperm cell furnished by the male parent, and the 
other an ovum, or egg cell, from the female parent. 

The reproductive cells from the two sexes have very different appear- 
ances. In mammals, the ovum is a relatively large, spherical.e¢ 
just visible to the naked eye. In birds, the yolk of an egg isith a 
single ovum, distended to an enormous size by food maj, shape, 
sperm cell is very much smaller and can be seen Wyycleus, and 
high-power microscope. It is something like » idly while 
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egg cell, a change takes place in the latter which prevents the entrance 


of others. 
SEXUAL MATURITY. 


Animals reproduce only during the part of their lifetime following 
sexual maturity and preceding senescence. During this period most 
of them reproduce only in a certain season of the year, the breeding 
season, and within this season a given female will breed during only 


1.—A group of dividing reproductive cells from a male grasshopper. The curious spindle-shaped 
Mmwhichis characteristic of dividing cells, is clearly brought out. In the formation of the repro- 
of cs, the chromosomes, which appear solid black in the illustration, come together in pairs 
Poles, egepator of the spindle, separate and mové to opposite poles, forming two nuclei as a pre- 
the chromosoq2 ofthecellasa whole. Each oftheresulting cells has only halfthe original number 
tesy of Dr. E E ordinary cell divisions, each chromosome splits, the halves moving to opposite 
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early maturity in growth that has been one of the characteristics for 
which the domestic animals have been most carefully selected. 

Under favorable conditions hogs, sheep, cattle, and horses mature 
at remarkably early ages. Females usually become mature a little 
earlier than males under the same conditions, but the difference is 
not great. Boars and sows have been known to breed as early as 
3 months, bulls and heifers at 4 months, rams and ewes at 5 months, 
and stallions and mares at 12 months. It is not, however, considered 
advisable to breed animals until some time after sexual maturity 
has begun, in order to avoid interference with their development. 
Moreover, the young will not obtain so good a start as they should 
unless the dam has nearly finished her own growth. It has also been 
asserted that the offspring of a very young sire are apt to be unthrifty, 
but there seems to be little evidence for this belief. Sows may usually 
be bred without harm at about 8 months, permitting their offspring 
to be born just a year from their own birth. Ewes are often bred 
at 7 months to lamb at a year, but under ordinary conditions a thrifty 
flock can not be maintained unless breeding is deferred until a year. 
later. Heifers may usually be bred at 15 months, which means 
calving at 2 years of age. Most fillies can be bred at 2 years and 
practically all by 3 years. Limited use of males may be begun at 
about these same ages. 


FREQUENCY OF SERVICE. 


The number of females which can be served by a mature male 
varies greatly under different circumstances. Most care seems to be 
- necessary with the stallion, in which fertility rapidly declines after a 
number of daily services. Eighty mares is about the limit of the 
number which should be served by one stallion in a season. With 
careful handling a single bull may be used with 60 or 70 cows, a single 
ram with even more than 100 ewes, and a single boar with 30 or 40 
sows. Ordinarily it is not practicable or desirable to use one male 
with such large numbers of females. The actual average number of 
females to one male among some 1,200,000 head of stock kept for 
breeding purposes on more than 10,000 farms was found by D. S. 
Burch of the Bureau of Animal Industry to be as follows: 21 mares, 
17 cows, 12 sows, 29 ewes, 24 she goats, 21 hens, and 8 in the case of 
other poultry (geese, ducks, and turkeys). 

The principal effect of too frequent service on a mature male seems 
to be temporary sterility. Daily service by a vigorous stallion was 
found by Lewis, of the Oklahoma experiment station, to be accom- 
panied with a rapid decrease in both the number and vitality of the 
sperm cells. It is a common belief that fertilization by the weakened 
sperm cells, formed after excessive service, will result in unthrifty 
young, but the experimental evidence does not support this view. 
O. Lloyd-Jones and F. A. Hays, of the lowa experiment station, made 
extensive experiments on rabbits to test this question. After too 
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frequent»service they found a marked decline in the percentage of 
pregnancies induced and ultimately a decline in the size of litters, 
leading to temporary sterility. Microscopical study showed a marked 
decline in the motility of the sperm cells. Nevertheless, such off- 
spring as were obtained from the late services were in every way as 
vigorous as those from early services. 

Artificial insemination may be mentioned at this point as a practice 
which is useful in extending the service of a valuable male and in 
overcoming certain forms of stefility. This practice is especially 
useful in the case of horses, but has also been used to some extent with 
cattle and dogs. 


THE BREEDING SEASON AND CSTROUS CYCLE. 


Wild animals generally have a fairly definite breeding season, 
which in most cases occurs at such a time that the young are born 
in the spring or summer. The smaller animals, in which the gesta- 
tion period is very short and which develop rapidly, such as mice, 
rats, rabbits, and moles, usually have an extended breeding season 


from early spring through summer; wolves and foxes, with a gesta- . 


tion period of 2 months, breed in winter. Where the gestation 
period approaches half a year, the breeding season comes in the fall, 
as in the wild sheep and goats and the Texas armadillo. The bison 
and most deer, with a longer gestation period, breed late in the 
summer or early in the fall. There are some curious exceptions, 
such as bats, whose breeding season is in the fall; the ova remain 
unfertilized all winter and go through a development lasting 2 
months in the spring. 

The breeding season has become much obscured or wholly lost in 
most of the domestic animals. Most breeds of sheep, however, 
retain the definite fall breeding season and consequent spring lamb- 
ing season of their wild forbears. The Dorset breed is exceptional 
in that the ewes will breed in the spring soon after the birth of lambs, 
conceived in the preceding fall. The sheep of Australia have come 
to breed at all seasons of the year. Mares come in heat most regu- 
larly in the spring and summer and the great majority of the foals 
‘are born in the months of April, May, and June after a gestation 
period of 11 months. Some are born, however, in all months of the 
year. About 50 per cent of all the calves and pigs are born in the 
months of March, April, and May. There is a secondary rise in the 
number of births early in the fall in both cases. Under favorable 
conditions sows are often bred to produce two litters a year with 
profit. 

During the fall breeding season ewes have a number of periods of 
heat, each lasting 2 or 3 days and at intervals of 2 to 3 weeks. Mares 
come in heat normally about 9 days after foaling. The heat period 
lasts several days and recurs at intervals of 3 or 4 weeks. Cows 
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come in heat from 6 to 8 weeks after calving if suckling the calf, 
otherwise after 3 or 4 weeks. The heat period is of very brief dura- 
tion, lasting only a day or less. There is recurrence every 3 weeks. 
Sows come in heat 3 days after farrowing and again within a week 
after weaning the pigs. After this there is, as in the other cases, 
recurrence about every 3 weeks. Both the duration and the time of 
recurrence seem to vary considerably in different individuals. 


THE GESTATION PERIOD. 


Normally one or more ripe egg cells are released during the heat 
period. If fertilization takes place, there is as a rule no recurrence 
of heat until after the birth of the young. The average length of 
the gestation period is given below for a number of animals. 


Gestation period in mammals, 


WH Sha etek ot i ats Se at RN I eg See en 11 months (340 days). 
Jennetseee ees. Pee rie sel coat vi Se 12 months. 

(CO Wa ie es En HE AIRS De oe Mee UR St 94 months (283 days). 
WiC M aepat ae earn ee RE ee ee ea 5 months (150 days). 
CIOs dS & Bveie aeSsaies Pa Secs ego ea ENA A) AE ea Ge 5 months. 
SOV eset ite nage ees Se td oe 4 months (114 days). 
DP Ogeremer See ey ne eee ee So Pca 2 months. 

ORIEL SS Sigs Meee NE oer AS TR Ae gt a a ee Mer 2 months. 
Gimneagplor ta ear mt Ie eles, one Sn 21 months (68 days). 
JR OOS T SIN Ss i ae eg Na er ec AL Ua 1 month (30 days). 
LENBW GS 575 Sia ar, AeA Oe RO Re OS eee aT (22 days). 
TMI Sos kB Nas Sat Ue er Vestal Ed Ee (22 days). 


The period of incubation in fowls corresponds to the gestation 
period in animals. The following periods are given for comparison: 


Incubation period in fowls. 


OSGi Gina ee eee an SUR a INL. Ree eh aes eS a ee 42 days. 
CO OS Cee ete eee ee eye Ore Na Bea de edn Male hte a ee lolece ig 30 days 
VD AOC) i yh Ra el A aE EO, Ne aA URE eae 28 days 
MUTE REN 5 as oS eee eh Ric 8 Relea aan aca: cm Pete ae a Pa 28 days 
SHUI VEN STON ahi Coca Be ees eee SAU ieee ears eat ot Ee See pal sh age 28 days 
TPAOYERISG TATE ce Sia Rissa ane mies Pees ead at og Me gti Ce eee eer ae SR 23 days. 
Wionvestaie shawl ert Sets eck eee oe ey ears eee oa hie 21 days. 
Oe OMen re eye eee en rag nats mee cen Cee cel: Ses a ahs 17 days. 
(ETE TEN Pcs ase St ae a era ean ye neh an a 13 days. 


The gestation and incubation periods are both subject to consider- 
able variation. There seem to be slight breed differences among the 
domestic animals. Thus, Darwin gives the average period for South- 
down sheep as 144 days compared with 150 days for Merinos. The 
variation among individuals within a breed is, however, more impor- 
tant. Thus, it is about an even chance that a foal will be born 
between 333 and 347 days after service and there is also an even 
chance that it will be born outside of these limits. It is an even 
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chance that a calf will be born within 3 or 4 days of the 283d day. 
With sows it is not quite an even chance that birth comes on the 4 
113th, 114th, or 115th day. The table below gives the most prob- : 
able day of birth following service on the first day of any month. 
The date of birth for any other day of service can easily be calculated. 


Probable day of birth. 


Date of birth of young. 
Date of service. 

Sow. Ewe. Cow. | Mare. 
LE Cael eens Ri ates | Rie aN me Apr. 25 | May 31 | Oct. 11 | Dec. 7 | 
Bebo dese a8 sass SS en ee May 26 | July Novo | tan ae 
MaRS Sree. es ere een een eee June 23 | July 29 | Dec. 9] Feb. 4 
Apri oat: Se ee eee eae July 24 | Aug. 29} Jan. 9 | Mar. 7 
IM eyo ee Re agrees te Aug. 23 | Sept. 28 | Feb. 8 | Apr. 6 
JUDE ME SS rs Se ea Sept. 23 | Oct. 29 | Mar. 11 | May 7 : 
ULES Ue 2 Spe ek en ne Se MabcT oot Oct. 23 | Nov. 28 | Apr. 19 | June 6 
SARS NR ee CE ye Seen poe ne See Nov. 23 | Dec. 29 | May 11 | July 7 
Sepbe kee. See a See ee es ee ee Dec. 24} Jan. 29 | June 11 | Aug. 7 | 
OCG dle. i sae aes eee: Sema Jan. 23 | Feb. 28 | July 11 | Sept. 6 | 
NOV Saas er ee eg se eee Feb. 23 | Mar. 31 | Aug. 11 | Oct. 7 
DW ECHES eRe en ee ee,  eeee Mar. 25 | Apr. 30 Sept. 10 | Nov. 6 

| | } 


FERTILITY. 


There are few problems in practical breeding more important than 
increase in fertility. The losses to livestock farming from failure in 
fertility have been estimated as enormous. There are two phases 
of fertility which must be considered—regularity of breeding and 
number of young at a birth. 

In cattle and horses, in which twins are neither common nor 
desirable, only the first phase is important. It is generally stated 
that twins are born in about 1 birth in 80 in cattle. Triplets and 
even larger numbers are born occasionally. The number of twin 
births in horses is generally stated as much less than in cattle, but a 
tabulation of 3,000 births taken at random from three recent volumes 
of the General Stud Book (English Thoroughbreds) yielded 66 cases. 
However, in 29 cases the foals were slipped, and only 12 of the 132 
were born alive. According to this tabulation, twins are born once 
in 45 births, but only one living horse in more than 200 is born 
a twin. 

Among the factors which affect fertility in both its phases are age, 
heredity, climate, feeding, and disease. As already noted, hogs, 
sheep, and cattle begin to become capable of reproduction when less 
than half a year old and horses at about a year. Fertility is rela- 
tively low at first, both in respect to regularity of breeding and the 
number of young at a birth. There is a rapid rise to a maximum 
and then a gradual decline. | 

The productive period usually comes to an end among light horses 
of both sexes between 20 and 25 years of age. The corresponding 
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ages in heavy horses are 15 to 20 years, in cattle 10 to 15 years, in 
sheep 7 to 10 years, in hogs 5 to 8 years. 

Examples of breeding at much greater ages can, of course, be found. 
A ewe is recorded as lambing at 19 years of age. As for the maximum 
length of life, horses are reported to have passed 40 years, cattle 30 
years, sheep 20 years. 

Chickens hatched early in spring usually begin to lay in from 6 to 
8 months, but cases of laying at less than 5 months are on record. 
The best egg record is usually produced in the first full year of laying. 
The second and often the third years are nearly as good in the egg 
breeds. - After this the number declines, but laying may continue to 
the eighth or ninth year. 

That heredity is a factor in determining fertility may be seen by 
comparing the different breeds of hogs and sheep. Among hogs, the 
bacon breeds, as the Tamworth and the large Yorkshires, have con- 
siderably larger litters than the lard breeds. There are differences 
among the latter. In very extensive tabulations made by G. M. 
Rommel the average for Poland Chinas was 7.52, compared with 9.26. 
for Duroc-Jerseys. Averages for the other important lard breeds are 
intermediate. Among sheep, certain breeds, such as the Dorsets, 
Oxford Downs, and Shropshires, have twins more frequently than 
singles under favorable conditions. Southdowns are distinctly less 
fecund, while among Merinos twins are not common. Within a 
breed, the number at a birth is determined by such a variety of factors 
that it is not easy to demonstrate the influence of heredity. Never- 
theless it has been shown for Poland China hogs (Rommel and 
Phillips) and for Shropshire sheep (Rietz and Roberts) that females 
born in large litters in the former and as twins in the latter have a 
slight tendency to produce more at a birth than the average. 

Differences in fertility appear to be so great among individuals that 
breeders often look for some outer indication. It is generally believed 
that strong development of the masculine and feminine types in 
males and females, respectively, gives a special indication of fertility 
as well as of general vigor. It is sometimes thought that the fertil- 
ity of a female is indicated by the number of mammezx. Professor 
Pear! has shown that this is true in a general way in a comparison of 
different kinds of mammals. It does not, however, seem to hold to 
any significant extent within a single species. Thus Alexander 
Graham Bell was able to increase the number of functional nipples 
in his flock of sheep from 2 to 6 by careful selection. ‘This change 
was not accompanied to any appreciable extent. by increase in the 
percentage of twins, although it was an advantage in those cases in 
which twins were born. Similarly, Pearl has shown that there is no 
significant correlation between the number of mamme of a sow and 
the size of her litter. 
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The effects of inbreeding and crossbreeding on fertility are discussed 
later. For the present it will suffice to say that inbreeding is very 
likely to lead to a reduction of fertility, both as regards regularity of 
breeding and number at a birth. That this is an inevitable result is 
not, however, indicated by experiment. Among a number of inbred 
lines, some will be found which appear to suffer little or no loss of 
fertility. Experiments indicate that the fertility of a herd which has 
declined through inbreeding can usually be restored by an outcross 
even with another inbred line of reduced fertility, if the latter is not 
closely related. 

Among factors other than heredity, a warm climate, a reasonable 
amount of exercise, and a condition neither fat nor thin are conducive 
to fertility in both males and females. Insufficient exercise is con- 
sidered to be an especially common cause of failure of stallions. 
Undernourishment reduces the activity of the reproductive function 
in both males and females. Excessive fatness is, however, as great 
a cause of failure to breed in both sexes, in some cases owing to 
mechanical closure of ducts, in others to fatty degeneration of the 
sex glands, leading to permanent sterility. Sterility from this cause 
is a recognized danger in fitting breeding stock for the show ring. 

A gaining condition at the time of conception, following a somewhat 

thin condition, is considered most conducive to fertility. This prin- 
ciple is much used in Great Britain in the so-called practice of flushing 
ewes. Ewes which have been maintained on pasture are fed liberaily 
for about 3 weeks before breeding, using, especially, succulent feeds. 
. Similarly, fresh, green pasture is recommended for cows which have 
failed to breed. On the other hand, certain feeds, among which 
sugar and molasses may be mentioned, are considered likely to lead 
to sterility. 
_ There are a considerable number of pathological causes of infer- 
tility. By far the most important is the financial loss which it occa- 
sions is contagious abortion of cattle, a germ disease. Other causes 
of abortion are also sources of much loss. A small percentage of ani- 
mals are congenitally sterile. The freemartin heifer is an example 
which is discussed later. Permanent sterility which is not congenital 
may result from fatty degeneration, as already mentioned, or from 
tumors. There are, finally, a number of conditions causing sterility, 
some of which can be overcome by the use of artificial Insemination. 
The subject is too large to be more than touched on here. 


HYBRIDS. 


While wide crosses within the same species tend to increase fer- 
tility, crosses between different species are apt to result in offspring 
which are either wholly sterile or of reduced fertility in the few cases 
in which such crosses can be made at all. The rather common stories 
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of crosses between the sheep and hog may be stated confidently to 
have no foundation. It is even doubtful whether hybrids can be 
produced from two such closely related animals as the sheep and the 
goat, or the dog and the fox. A few possibly authentic instances have 
been reported, but at best a successful cross appears to be exceedingly 
unusual in both these cases. The European breeds of cattle cross 
freely with the Indian humped cattle, although the latter are con- 
sidered to be of a different species. The cross with the American 
bison has often been made, the progeny being called cataloes. Some 
of the females are fertile, but the few males born alive have been 
sterile. Fertile males have been obtained by backcrossing with 
the parental species. 

The most important species cross among mammals is, of course, 
that of the horse and ass. Both sexes of the mule, produced by a 
jack and a mare, and of the hinny, produced by a stallion and a jennet, 
are probably always sterile. There are occasional reports of fertile 
mare mules, but none of these seem to have been established beyond 
doubt. Both the horse and ass will cross with the various species of 
zebra, producing hybrids which so far as known are always sterile. © 
A number of sterile hybrids have been produced in crosses between 
the domestic fowl, guinea fowl, peacock, pheasant, etc. 


THE REPRODUCTIVE CELLS IN RELATION TO HEREDITY. 
GENERAL CONSIDERATIONS. 


As already noted, every individual begins his career in the union of 
two reproductive cells. All that is inherited from his ancestors is 
somehow passed on by these microscopic bits of living jelly. Any 
attempt to understand heredity should thus begin with a considera- 
tion of these cells and their mode of production by the parents. 

At one time it was supposed that the reproductive cells were pro- 
duced in some way by contributions from all parts of the body, 
building up, as it were, a miniature organism, ready to develop into 
an adult under the proper conditions. The egg and sperm cells were 
thus supposed to transmit the characteristics of the parents as they 
were at the time of their production. It was taken for granted that 
the powers of hereditary transmission of an individual could be 
changed by training, care, or even accident in such way that his subse- 
quent offspring would show a special tendency to develop the new 
characteristics. 

This view was first seriously questioned when it was found that 
the reproductive cells, like all other cells in the body, are produced 
oniy by the division of previous cells. Certain cells remain un- 
specialized from the beginning of development and after repeated 
divisions produce the reproductive cells and these only. The remain- 
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ing cells undergo specialization into skin, muscle, bone, nerve cells, 
etc., and never give rise to reproductive cells. The two classes of 
cells, reproductive cells and body cells, thus have separate histories, 
and any influence of one group on the other must be indirect. 

It will easily be seen that this leads to a very different conception 
of heredity from that mentioned above. The reproductive cells are 
not produced by the body. They are simply an unchanged bit of the 
same material which previously developed into the body of the 
parent. Heredity consists merely in their retention of the power 
to develop into a complete individual under the proper conditions. - 
Thus, so far as heredity is concerned, the way in which an individual 
is related to his parents and more remote ancestors does not differ 
essentially from the kind of relationship with brothers, uncles, ete. 

This view of heredity was first reached by Sir Francis Galton, in 
England, and August Weismann, in Germany, from a consideration 
of the history of the reproductive cells. Numerous experiments 
have also been made to test its truth. A striking illustration is 
given by an experiment performed by Prof. W. E. Castle and Dr. 
John C. Phillips, of Harvard University. They removed the ovaries 
of a female albino guinea pig and placed in her body the ovaries of 
an immature black female, aged about 3 weeks. The albino female 
was later mated with an albino male. Albinos, mated together, 
never produce any but aibino young, a fact well known to all breeders 
of small mammals. Yet m this case, the young, six in number, 
were all black. These young were in three litters, born from 6 
months to a year aiter the operation. The immature ovaries of the 
black female were subject to the influence of the blood of the albino 
for from 4 te 10 months before the egg cells attained full growth and 
were discharged. Through it all they retained their original heredi- 
tary potentialities unchanged. 


MODIFICATION OF HEREDITY. 


Although the reproductive cells are not produced by the body, the 
possibility must be recognized that they may be modified in some 
cases by substances circulating in the blood. Recent experiments 
have, in fact, shown that changes can be brought about in the general 
vigor of the offspring in this way. Dr. C. R. Stockard. of Cornell 
University, tested the effect of daily intoxication of guinea pigs 
with alcohol. The'animals themselves remained vigorous through- 
out the treatment. Their young, however, were markedly unthrifty 
compared with those of an unintoxicated control stock. This was 
true even when an alcoholic male was mated with a normal female, 
indicating that the reproductive cells of the male had been damaged 
by the alcohol. The injury seemed to be permanent, since a second 
generation produced by first generation animals, which had never 
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been treated, was likewise feeble. Prof. L. J. Cole, of the University 
of Wisconsin, has obtained similar results on treating male rabbits 
with lead. Several other experiments have been made along this 
general line, some of which confirm the preceding results, while 
others were negative. It seems clear that it is possible to injure the 
hereditary qualities of the reproductive cells by means of substances 
in the blood, but that it is not at all easy to do so. 


. INHERITANCE OF ACQUIRED CHARACTERISTICS. 


The question whether a specific change in the sire, due to training, 
care, or accident, can be transmitted to the young, is quite inde- 
pendent of the question whether a general loss of vigor can be pro- 
duced in any such way. As we have seen, the latter can be accom- 
plished through the use of poisons, such as alcohol or lead, and the 
possibility exists that extreme malnutrition may sometimes have 
such .an effect. The mechanism is at least easy to understand. 
This is not the case with a specific characteristic. 

There is a strong negative evidence in certain cases. Weismann. 
cut off the tails of mice for 19 generations without causing any 
modification of the young. Docking the tail of sheep and many 
similar practices have no hereditary effect. Thus it can be stated 
very positively that the effects of mutilation or accidental injuries 
are not inherited. | 

With regard to the functional characteristics in which livestock 
breeders are most interested, the evidence is not so clear cut but is 
still negative when of a critical character. F.R. Marshall has shown 
_ that the average age of the sires of 2.10 trotters was practically the 
same as that for all Standardbred horses of the same period, indicating 
that longer training has no effect on the speed of the progeny. F.5. 
Putney made an analysis of the records of the Jersey herd at the 
Missouri Agricultural College and found no relation between age of 
dam and butterfat record of the daughter. 

The failure of acquired characteristics to be inherited does not 
mean, of course, that proper care and feeding of livestock can be 
neglected, even from the standpoint of breeding. Itis only by testing 
the speed of his race horses, the butterfat record of his dairy cows, 
or the fattening capacity of meat animals that the breeder can deter- 
mine which are likely to transmit the best heredity and so separate 
the desirable breeding stock from the culls. Moreover, in such a case 
as the development of an unsoundness in a horse, due apparently to 
an accident, there should be much hesitation before breeding. The 
development of the unsoundness is likely to indicate a hereditary 
weakness, and such horses will be found in general to have sired 
unsatisfactory colts before the accident and will continue to do so 
thereafter. 
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Thus in many respects the breeder should act much as if acquired 
characteristics were inherited. On the other hand, it is important to 
know that it is hopeless to attempt to improve scrub stock merely by 
giving it the best of care for any number of generations. 

Probably the strongest reason for the common belief in the inherit- 
ance of acquired characteristics is that to many it seems impossible 
to account for progress in any other way. To this it may be said that 
while the hereditary qualities of the reproductive cells do not seem 
to be influenced by changes in the individual, they are not unchange- 
able. Variations occur from time to time, apparently at random. 
By the methods discussed later these variations may be combined 
in desirable ways and fixed in a stock. 


TELEGONY. 


It was widely believed at one time that after a female has borne 
young, sired by a certain male, her later offspring, sired by other 
males, will show characteristics derived from the first—a supposed 
phenomenon which has been called telegony. Such an influence 
could come only from a modification of the egg cells of the female by 
influences from the first offspring before birth, and so come under the 
head of the inheritance of acquired characteristics. It is even more 
improbable, however, as the influence of the first male must neces- 
sarily be very indirect. The most widely quoted example of this 
sort of influence was a case in which a mare was mated with a zebra, 
producing a hybrid, and later, after mating with a horse, produced 
a colt which had certain markings which resembled those of a zebra. 
This, however, was merely an isolated case. A considerable number 
of attempts have been made to confirm it, but with no success. The 
most extensive experiments were those of J. Cossar Ewart, likewise 
-with zebras and mares. He could find no effects which could be 
ascribed to telegony. There was, indeed, one case in which a mare 
produced a colt with vestiges of stripes after having produced a 
hybrid. It was found, however, that the sire of this colt, an Arab, 
produced similarly striped colts from mares which had never seen a 
zebra. 

Similar experiments with zebra crosses, also with negative results, 
have been carried on by the Bureau of Animal Industry. F. B. 
Mumford and C. B. Hutchinson made an investigation of the ques- 
tion in the mule-breeding district of Missouri. Many cases were 
found in which mares bore mule and horse colts successively, but no 
evidence could be found for telegony. The theory is now considered 
to be thoroughly discredited and is evidently one which need give 
the practical breeder no concern. _ 
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MATERNAL IMPRESSIONS. 


There is another very ancient belief which may be mentioned in 
this connection. This is the belief that objects seen by a prospective 
mother, especially if a nervous shock is produced, have an effect on 
the unborn young. Such an influence appears highly improbable 
in the light of our present knowledge, as there is no nervous connec- 
tion between mother and offspring or even a direct blood connection. 
The favorable evidence is all of the unsatisfactory character of anec- 
dotes, while deliberate attempts to obtain the phenomenon have all 
failed. The kind of case which was formerly often explained in this 
way, such as the appearance of a red calf in a black Aberdeen Angus 
herd, is now accounted for in other ways. 


DETAILS OF HEREDITARY TRANSMISSION. 
BLENDING AND ALTERNATIVE INHERITANCE. 


Until rather recently it was usual to consider the contributions of 
the two parents to the heredity of the offspring to be as inseparably 
mixed together as would be two liquids. This view is illustrated in 
the common figure of speech used in referring to the degree of hered- 
ity from a given stock. Thus the cross between a Merino and a 
Shropshire sheep is spoken of as half-blood Merino and half-blood — 
Shropshire and is expected to show a blending of the two breeds in 
all their characteristics. Another Shropshire cross produces a three- 
quarter blood, which is expected to be intermediate in all respects 
between the half-blood and the full-blood Shropshire. 

This simple formula is still as good as any in predicting the results 
of a cross about which nothing is known but the characteristics of 
the two animals which are mated, and even in a large class of cases 
in which a great deal more is known. 

Certain cases, however, have long been known in which this fusion 
of characteristics does not take place. This is especially likely to be 
true of coat colors. Every one knows, for example, that a great 
variety of sharply distinct colors—black, maltese, tabby, orange, 
etc.—may be found within a single litter of kittens. 

The gap between sharply alternative inheritance of this kind and 
apparent blending inheritance is bridged over by the large class of 
cases in which the first generation of a cross is more or less of a blend, 
but the second generation shows greatly increased variability, the 
different characteristics of the two races tending to reappear in all 
combinations. 

HEREDITARY UNITS. 


The basis for any kind of inheritance, of course, must 0e material 
contributed by the microscopic sperm and egg cells in their union. 
The fundamental conception of the present theory of heredity is 
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that these contributions are composed of units which are handed on 
generation after generation without change. The union of sperm 
cell and ovum in its bearing on heredity may be compared to the 
mingling of two collections of solid beads instead of to a mixing of 
two liquids. Certain characteristics, such as coat color, depend on 
such a small number of these units for their development that the 
separate ones can easily be identified, given symbols, and followed 
from generation to generation. Most characteristics, including size 
and conformation, depend on such a large number of units for devel- 
opment that the effects of the separate ones can not easily be dis- 
tinguished. The inheritance is naturally more or less of the blend- 
ing type, but a large number of phenomena, such as prepotency and 
the effects of inbreeding and crossbreeding, can be understood best 
by the theory that the hereditary basis is composed of a limited 
though fairly large number of unchanging units. 

The statement that these units are unchanging applies to ordi- 
nary experience. It must not be taken too literally, however, as 
if this were true there could be no progress. Cases have been clearly 
established in which a unit must have become modified so that its 
effect is changed or, In many cases, apparently wholly lost. Dyffer- 
ences between individuals depend on the possession of different 
alternative forms of certain of the hereditary units. 

It may be added that the experimental evidence indicates that 
there is in general equal inheritance from sire and dam with respect 
to all kinds of characters. With the exception of a rather unusual 
class of cases, which is discussed later, it appears that the sperm cell 
contains a full set of the hereditary units characteristic of the kind 
of animal and that the same is true of the egg cell. The fertilized 
egg cell thus receives a double set of the units. 


COLOR AND ALBINISM IN GUINEA PIGS. 


A concrete illustration will bring out the behavior of these heredi- 
tary units in a typical case. It has been mentioned already that 
albino guinea pigs always breed true. Stocks of colored guinea pigs 
can also be obtained which breed true in the sense that they never 
produce albinos. The first cross between such stocks results wholly 
in colored young. Color, therefore, is said to dominate over albi- 
nism, and, conversely, albinism is said to be recessive to color. If 
these crossbred young, whether male or female, are bred back to 
the albino stock, it will be found that only 50 per cent of the young 
are colored, the other half being albinos. These albinos, when 
crossed with each other, produce only albinos, and this is true of 
their descendants indefinitely. The power to produce color seems 
to have completely dropped out of their make-up. If their colored 
brothers or sisters are crossed with the albino stock, the result is, as 
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before, 50 per cent colored to 50 per cent albino. These last colored 
young are seven-eighths blood of the albino stock, yet when crossed 
with albinos they again produce 50 per cent colored and 50 per cent 
albino. No matter how many albino top crosses are made, the col- 
ored animals continue to produce colored young in numbers which 
never depart to a significant extent from 50 per cent. 

The animals of the original stock are supposed to have a ceitain 
hereditary unit in their make-up which we may call factor (, follow- 
ing the custom, of representing a dominant unit by a capital letter. 
The albino stock have a modification of this factor, c, which is no 
longer able to play its normal part in the production of color. All 
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Fig. 2.—Diagram illustrating the mode of inheritance of a unit Mendelian factor. A pure colored strain 
of guinea pig (CC) is crossed with albinos (cc). Their progeny are all colored (Cc), but produce two kinds ‘ 
of reproductive cells, one transmitting color (C) and other albinism (c), as is revealed by a cross with 
albino stock. 


the reproductive cells of the colored stock have factor C, those of the 
albino stock factor c. On crossing the two stocks, a fertilized egg cell 
is produced which must possess both. The evidence indicates, how- 
ever, that the two units remain side by side in the cell, without the 
slightest influence on each other, and in each cell division, as the 
animal develops, each unit divides, with the result that every cell in 
the body is similar to the fertilized egg in containing both ( and c. 
In the appropriate parts of the body—skin, eyes, and hair—factor @ 
cooperates with other factors in the production of color, and, as a 
-single unit appears to be sufficient in this case, the crossbred guinea 
pigs (Cc) are as strongly colored as the original colored stock in which 
factor Cis received by each pig from both eggs and sperm (CC). 
45957°—23—Bull. 905 —3 
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In the formation of the reproductive cells, it must be assumed that 
the double set of units is sorted into two single sets. The crossbred 
colored guinea pigs (Ce) produce two kinds of reproductive cells in 
equal numbers, those transmitting color (C) and those transmitting 
albinism (c). On crossing with an albino it is obvious that two 
classes of the young will be produced in equal numbers, depending 
on whether the reproductive cells of the latter (c) happen to unite with 
a cell transmitting color (C) or one transmitting albinism (c). The 
albino young (cc) have no more tendency to transmit color than pure 
albino stock, while the colored young (Cc), although three-quarter 
blood albino, are of the same hereditary make-up as the first cross 
and so breed like them. 


MENDELIAN INHERITANCE. 


This mode of inheritance was worked out as early as 1865 by 
an Austrian monk, Gregor Johann Mendel, who experimented with 
a number of alternative characteristics of the garden pea. The 
same principles have been found to apply to an enormous number of 
characteristics in both plants and animals and are now believed to 
be true of all heredity. Most cases appear more complicated than 
the case of the colored and white guinea pigs, because most charac- 
teristics depend on the cooperation of a large number of independently 
inherited unit factors. Occasionally there is also the complication 
that the same unit may have an influence on the development of a 
number of seemingly independent characteristics. 

There are a number of technical terms which ordinarily are used in 
discussion of heredity which it will be well to mention. Unit factors 
which are alternatives of each other in inheritance, one presumably 
being a modification of the other, are called allelomorphs of- each 
other. Thus factors C and ¢ are allelomorphs. Two other modifi- 
cations or allelomorphs of factor C are known, which determine de- 
orees of intensity of color intermediate between full intensity and 
the white of albinos (c4 and ¢@). Animals produced by the union of 
an egg and a sperm which contain the same unit in a given set of 
allelomorphs are said to be homozygous in that particular. Guinea 
pigs of the formulas CC, cc’, @¢, and ce are all homozygous. Each 
produces only one kind of reproductive cell so fai as this set of factors 
is concerned. Where the alternative factors are different, the animal 
is said to be heterozygous. Guinea pigs of the formulas Cc4, Ce, Cc, 
cié, ci@, and ¢@ are all heterozygous. Each produces two kinds of 
reproductive cells in equal numbers. It is impossible for a guinea 
pig to transmit more than two of the grades of intensity, a conclusion ~ 
which has been very thoroughly established by experiments. 

Factor C has been spoken of as producing colored young, but no 
particular color was mentioned. This is because it alone does not 
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determine any particular color. It merely cooperates with other 
factors. One of the other factors, which we may represent by the 
symbol F, enables black pigment to develop. Its alternative, «¢, 
permits only red to develop. The first cross between a black stock 
(CCEE) and a red stock (CCee) is black (CCEe). Thus black is 
dominant over red. The first-cross animals produce reproductive 
cells containing F and e, respectively, in equal numbers. Since 
factor E and its allelomorph e are wholly independent of factor OC 
and its allelomorphs, it is possible for a guinea pig to have any com- 
bination of the two sets. Thus an albino may transmit black only 
(ccHE) or red only (ccee) or both (ccHe). Suppose that an albino 
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Fig. 3.—Diagramillustrating inheritance of 2 independent Mendelian factors. A pure-black strain of guinea 
pig (CCE E) is crossed with albinos from red stock (ccee). The young of the first cross are all black but 
produce four kinds of reproductive cells in equal numbers, as revealed by appropriate crosses. 


of the second type (ccee) is crossed with a black stock which breeds 
true (CCEE); the first cross will be colored (Cc) and the color will be 
black (Ee). If, now, these crossbred blacks are bred with the same 
albino stock, we expect half the young to be colored (Cc) and half to 
be albino (cc). Of the colored young, half should be black (CcEe) 
and half red (Ccee). The albinos will be divided similarly into two 
classes, those which transmit black in half their reproductive cells 
(ccHe) and those which transmit only red (ccee). These two classes, 
however, will look alike. The cross thus should produce 50 per cent 
albinos, 25 per cent reds, and 25 per cent blacks, which it actually 
does. : 
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Without going into more detail it may be said that seven inde- 
pendent sets of allelomorphs are known in guinea pigs which cooper- 
ate to determine color. The combinations of these factors determine 
over a hundred distinguishable colors. 


THE CHROMOSOMES AND HEREDITY. 


The present theory of heredity was devised to explain the results 
of experiments such as those given above. Recent studies of cells 
under the microscope have apparently brought the mechanism under 
our eyes. It has already been mentioned that proper methods of 
staining bring out a certain definite number of rod-shaped bodies, 
the chromosomes, in the cells of each kind of animal or plant. The 
reproductive cells are found to contain just half as many as the fer- 
tilized egg and the body cells. At each ordinary cell division the 
chromosomes arrange themselves in a ring, each splits lengthwise, 
and half goes to one daughter cell, half to the other. Thus all the 
body cells have a double set. In the formation of the reproductive 
cells, on the other hand, the chromosomes do not split, but the homol- 
ogous ones, derived from the sperm and egg, pair with each other and 
then separate, one going to each daughter cell. The reproductive 
cells thus get only a single set of chromosomes. It will easily be 
seen that if the hereditary units were located in the chromosomes the 
observed behavior of the latter would fully account for the laws of 
heredity illustrated above. 

Summing up, genetic experiments prove the double nature of 
individuals and the single nature of their reproductive cells in regard 
to each set of alternative hereditary factors, while the microscope 
actually shows us the chromosomes in pairs in the body cells in place 
of the single set to be observed in the reproductive cells. 


LINKAGE, 


As the study of heredity has advanced, a number of complications 
have been found. These complications, however, have only made 
closer the parallelism between the facts of heredity and the observed 
behavior of the chromosomes. The most important of these com- 
plications is the phenomenon known as linkage. A case studied by 
Prof. Castle and the writer will serve as an example. 

A few years ago a freak wild rat with yellow fur and red eyes was 
trapped on a wharf in England. Another wild rat of the same color, 
but with pink eyes, was trapped in another place. Two strains of 
yellow rats were developed which could be distinguished only by the 
color of the eyes. Each strain bred true. Crosses with normal wild 
rats showed that only one recessive unit factor was involved in each 
case. It may appear surprising that on crossing the two yellow 
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strains with each other, all the young looked practioally like ordi- 
nary gray rats with black eyes. This result was not, however, 
wholly unexpected. It is rather common to find that two varia- 
tions which look alike are due to different factors, so that, on crossing, 
each supplies the normal factor lackmg im the other, and the young 
appear to be normal. If we represent the wild gray rats by formula 
PPRR, the red-eyed yellows by PPrr, and the pink-eyed yellows by 
ppRR, we indicate that each kind of yellow is recessive and breeds 
true by itself, but on intercrossing produces a variety PpRr, which 
contains both of the dominant normal factors, and thus appears like 
a wild gray. 


* 


FARENTS 
PINA-EYED YELLOW (pp RR) 
RED-EYED YELLOW (PPrr) 


' REPRODUCTIVE CELLS 


FIRST CROSS - GRAY(fpRr) 
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Fig. 4.—Diagram illustrating linkage. The pink-eyed and the red-eyed strains of yellow rats depend on 
different recessive factors. As each supplies the normal factor lacking in the other, crossing results in 
normal black-eyed grays. These grays produce reproductive cells in which the factors tend to be asso- 
ciated in the same combination as that in which they entered the cross, due, itis believed, to theirtrans- 
mission in the same chromosome. Only about 10 per cent of the reproductive cells are found to trans- 
mit both normal factors (PR). 


On raising a second generation, a few pink-eyed yellows were 
found, which proved to transmit the red-eyed as well as the pink- 
eyed variation in all of their reproductive cells. Their formula would 
be pprr. On crossing this strain with ordinary wild rats (PPRR), we 
obtain gray young, which should have the same formula (PpRr) as 
the first cross between the two strains of yellows. The two kinds 
of first-cross grays were backcrossed with the above-mentioned double 
recessive pink-eyed yellow strain (pprr) by Prof. Castle in order to 
test the formule. 


~ 
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This would seem to be the same kind of cross as that discussed 
previously, in which black guinea pigs transmitting both red and 
albinism (CcEe) were crossed with albinos of red stock (ecee). We 
should expect half the reproductive cells of the crossbreds to contain 
factor P, and half of these should also contain factor R. Thus, one- 
quarter of the young should receive both normal factors from the 
crossbred gray parent and be gray themselves. This, however, was 
not the result. When grays derived from the cross. between the 
original two strains of yellows (PPrr and ppRR) were used, only 
174 out of 1,714 young were gray, about 10 per cent. When the 
gray parent came from the cross between wild grays (PPRR) and 
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Fig. 5.—Diagram illustrating linkage. The cross between wild gray rats and double recessive pink-eyed 
yellows results in gray young with the same formula as in the cross between the two yellow strains. 
They breed differently, however, sincein this case the two normal factors enter the cross together, instead 

_ofapart. About 40 per cent of their reproductive cells are found to transmit both normal factors in this 
case instead of 10 per cent. ; : 


the double recessive pink-eyed yellows (pprr), 1,255 out of 3,032 
young were gray, or more than 40 per cent. In: the second case there 
is as much excess over the expected 25 per cent as there was defect 
in the first case. The explanation is that the two sets of factors P, p 
and &, r are not wholly independent of each other in heredity. An 
individual produced, as in the second case, by the union of repro- 
ductive cells PR and pr tends to produce reproductive cells of these 
kinds in excess over the kinds Pr and pR. The situation is reversed 
in an individual produced; as in the first case, by the union of repro- 
ductive cells Pr and pR. This tendency of certain sets of factors to 
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stick together in the formation of the reproductive cells, according 
to the way in which they were combined i in the production of the 
individual himself, is known as linkage. 

A third color variation in rats, viz, albinism, has been found to be 
linked with both of the yellow seater: On the other hand, the 
other known color variations, white spotting and black, are not only 
inherited wholly independently of each other, but also of albinism 
and the two kinds of yellows. 

This phenomenon of linkage has been found to be very widespread. 
The first cases were found the Professors Bateson and Punnett, of 
Cambridge University, in the sweet pea. Cases have also been sanlese 
out in garden peas, in corn, oats, and wheat, in the tomato and in 
cotton, in the primrose, snapdragon, stocks, and evening primrose, 
in rabbits and mice, as well as in rats, in chickens and pigeons, in 
grasshoppers, silkworms, and flies. By far the most thoroughly 
analyzed case is that of the fruit fly, Drosophila, in which Prof. T. H. 
Morgan and his coworkers, of Columbia University, have studied 
hundreds of Mendelian variations. They find that these variations 
fall into four groups, such that within each group every factor is 
linked more or less with every other factor, while there is never any 
linkage between factors in different groups. It is not merely 
a coincidence that in this fruit fly there are just four pairs of 
chromosomes. 

This statement suggests the accepted explanation of linkage. 
Factors which are carried by the same chromosome tend to stick 
together. The chromosomes appear to maintain their identity 
through all the ordinary cell divisions. Just before the formation of 
the reproductive cells, the homologous chromosomes come together 
and twist around each other, giving a chance for an interchange of 
pieces. The degree of linkage between two factors is believed to 
measure their distance apart within the chromosome. On this basis 
Prof. Morgan and his coworkers have actually been able to make 
maps showing the location of a great number of unit factors in the 
different chromosomes of the fruit fly, which explain the results of 
crosses in a very convincing way. 

The most remarkable corroboration of the chromosome theory of 
heredity has been the bringing of the genetic phenomenon of linkage 
and the visible behavior of the chromosomes into relation with the 
solution of the ancient problem of sex determination. 


THE DETERMINATION OF SEX. 
THE NORMAL METHOD. 


There are few questions connected with animal breeding which 
have aroused so much interest from the earliest times as the deter- 
mination, of sex. Hundreds of theories have been advanced, and, 
though repeatedly disproved, keep reappearing. It is only within 
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the twentieth century that the means by which sex is at least usually 
determined in the higher animals has been discovered. This mech- 
anism, however, seems to be one that is beyond human interference. 

It has been noted that a certain definite number of chromosomes 
can be seen under the microscope in the cells of each kind of animal. 
A qualification of this statement, connected with the determina- 


Fic. 6.—Diagram illustrating the method of sex determination in an animal with 14 chromosomes in the 
cells of thefemales, 13in the males. Alleggs have 7 chromosomes but only halfthesperms have 7 chromo- 
somes, the other half having 6. The former are female-determining sperms, the latter male determiners. 
Hereditary factors carried by the sex-determining chromosomes pass with it from father to daughter, 
never from father to son in such eases as that illustrated above. 


tion of sex, was suggested in 1902 by Prof. C. E. McClung, on the 
basis of a study of the cells of grasshoppers. This suggestion has 
since been confirmed in principle by a large number of scientists 
working with widely different kinds of animals, ranging from worms 
to mammals. In most cases that have been studied carefully a dif- 
ference has been found between the sexes, either in the number of 
the chromosomes or in the size of one pair. 
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As an illustration, we will consider the case of one of the grass- 
hoppers in which, owing to the large size of the cells and the rela: 
tively small number of chromosomes, the facts are considered to be 
beyond question. In this case, study of the cells from the digestive 
tract and muscle fibers of males shows 6 pairs of similar chromosomes 
and 1 odd chromosome, making 13 in all. The body cells of females 
contain 7 pairs of chromosomes, 6 pairs of which resemble the pairs 
in the male, while those in the seventh pair resemble the odd chro- 
mosome of the male. The same numbers are found in the repro- 
ductive cells before the final division which results in the functional 
reproductive cells. The final division is peculiar, as already noted, 
in that the chromosomes are sorted bodily into two groups. All the 
egg cells must contain 7 chromosomes, | from each pair. The sperm 
cells, on the other hand, are necessarily of two kinds, half containing 
6 and half 7. The two kinds must, of course, be formed in exactly 
equalnumbers. The inference is clear that any egg cell which happens 
to be fertilized by a sperm containing 6 chromosomes will develop 
into a grasshopper with only 13 chromosomes in the body cells, and 
hence a male, while fertilization by a sperm containing the odd 
chromosome, i. e., 7 chromosomes in all, will result in the number 
14, and hence a female. From this it appears that sex is determined 
by chance at the moment of fertilization. 

An essentially similar mechanism has been found in a number of 
mammals, including man. The large number of chromosomes in 
these cases, however, make it difficult to establish the facts beyond 
question. Fortunately, however, there is a wholly independent line 
of evidence which leads to the same conclusion. This is the evidence 
from characteristics linked with sex in inheritance. 


SEX-LINKED INHERITANCE. 


In the human species the mode of inheritance is best understood 
in the case of abnormalities which keep appearing in particular 
families. Most of these traits are inherited as if due to a single 
dominant or recessive factor. There are a number, however, includ- 
ing color blindness and hemophilia, which have long been known to 
follow a very peculiar mode of inheritance. These traits usually 
affect only males, yet are never transmitted from father to son, 
and do not reappear in the descendants of the sons. The daughters 
of affected males, on the other hand, though not affected them- 
selves, are very apt to have affected sons. This rule was discovered 
as early as 1820 by Nasse in the case of hemophilia, a condition in 
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which the blood fails to clot properly, with the consequence that 
an affected individual may bleed to death from a slight scratch. 

Until recently the explanation of this kind of inheritance was a 
complete mystery. A little consideration, however, will show that 
itis exactly what should be expected of a trait due to a factor carried 
by the chromosome which determines sex. The evidence indicates 
that in the human species this so-called X chromosome is single in 
males and paired in females. Half of the sperm cells produced by 
a male contain the X chromosome and hence can transmit hereditary 
traits which it contains. These are the female-determining sperms. 
The other half, the male-determiners, lack the XY chromosome and 
all that is transmitted by it. This explains why a sex-linked charac- 
teristic can not be transmitted from father to son or to any of the 
descendants of the latter. All the daughters of an affected male 
receive the abnormal factor in the X chromosome which determines 
theirsex. They will not, however, show the abnormality themselves, if 
it is recessive, as they also in general receive a normal X chromosome 
from their mother. Half of their ova, however, will contain the 
affected XY chromosome. Those fertilized by sperms which lack 
the X chromosome are sons, and they will show the abnormality, 
as they can receive no protecting normal factor from the father. 

The common yellow variation of cats is another example of a 
characteristic which is linked with sex in this way, except for the 
fact that dominance is lacking. We may represent an X chromo- 
some containing the factor for yellow by X,, and one containing the 
alternative factor for black by Xy. There are three kinds of female 
cats in this respect, yellow (X,X;,), tortoise-shell (X,X,), and 
black (X,Xy). Males, however, having only one X chromosome, 
can be of only two kinds, yellow (Y,—) and blaek (X,—). It has, 
in fact, long been known that tortoise-shell males are so rare as to 
be classed as freaks. It should be added that there are independent 
factors which may change black in either sex to maltese or the tabby 
pattern. 

The female-determining sperm cells contain the extra chromosome 
(X, in the case of a yellow male, X} in the case of a black male). 
The male-determining sperm cells wholly lack this chromosome. 
Thus a male can have no influence on the color of his sons so far as 
this pair of factors in concerned. A black female produces only 
black sons, a yellow female produces only yellow sons, and a tortoise- 
shell female produces 50 per cent of each on the average regardless of 
the color of the male in each case. A male can, however, transmit 
his color to the sons of his daughters. 

In an earlier section it was noted that Prof. Morgan and his co- 
workers had found that the hereditary variations of the fruit fly 
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fall into four linkage groups, corresponding to the four pairs of 
chromosomes of this insect. Microscopical study shows that sex 
is determined by one of these chromosomes in essentially the same 
way as that found in the grasshoppers and mammals in that the 
male produces two kinds of sperm. Parallel to this, they find that 
all the factors in one of the four linkage groups follow the sex- 
linked mode of inheritance of hemophilia and color blindness in man 
and the yellow color in cats. _ 

A number of characteristics have been found in chickens, pigeons, 
and canaries which are linked with sex, but curiously enough the 
relation to sex is exactly the reverse of that described above. The 
barred pattern of Plymouth Rock fowls is a familiar example. When 
a barred male is mated with a black female all the chicks are barred. 
With a black male and a barred female, only the male chicks are 
barred, the females being black. Further tests show that the barred 
females in the first case have no more tendency to transmit black 
’ than pure-blood Plymouth Rocks, while in the second case the black 
females have no tendency to transmit barring. There is, in other 
words, no inheritance of either of the alternative characters from 
mother to daughter. The conclusion drawn from such experiments 
is that in birds the females produce two kinds of eggs—determining 
the male and female sexes, respectively—while the males produce 
only one kind of sperm. 

This method of sex determination is not limited to birds. It was 
found in a moth by Prof. Doncaster, of Cambridge University, in 
the first case of sex-linked inheritance to be analyzed, and has been 
demonstrated in the silkworm by Toyama and Tanaka, two Japanese 
scientists. 

THE SEX RATIO. 


According to the method of determination outlined above, the 
sexes should be produced in equal numbers in thelongrun. This, in 
fact, is very nearly true in all the higher animals. Nevertheless, it is 
undoubtedly true that there is generally not exact equality. An 
extensive investigation in Germany by M. Wilckens gave the follow- 
ing numbers of males born to every 100 females: Cattle, 107.3; 
horses, 97.3; sheep, 97.4; swine, 111.8. The sex ratio in man varies 
in different countries, but always shows an excess of males, the 
average ratio being about 105 males to 100 females. These devia- 
tions of the sex ratio from equality are not necessarily out of harmony 
with the present theory of sex determination. The two kinds of 
sperm cells, for example, may differ in their activity or vitality. 
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Thus, while it appears very doubtful whether sex can ever be con- 
trolled in any exact way, the possibility of varying the sex ratio 
must be recognized. The results of even this very limited degree of 
control of sex determination, however, have been disappointing to 
date. Slight differences in the sex ratio among young born in differ- 
ent times of the year have often been published, but the results are 
so inconsistent that no general conclusion can be drawn. Another 
common theory is that a better nutritive condition of the dam favors 
the production of females. Great quantities of statistics have been 
gathered on this subject, but the evidence indicates an excess of 
males as often as of females under favorable conditions. Again it is 
‘believed by some that the sex of the more vigorous parent prepond- 
erates among the young, and by others the reverse is held. The 
two antagonistic theories seem to have just as much and as little 
support. The same is true of the theories which connect the relative 
or absolute ages of the parents with the sex of the offspring. A 
belief which is especially common among cattle breeders is that the 
time of services after the beginning of heat determines sex. The 
most common form of the theory is that early service tends to result 
in a preponderance of females, while service late in heat means 
more males. This theory has been most thoroughly tested by Prof. 
Pearl in data obtained from Maine farmers. His earlier data seemed 
to support the theory, but after adequate numbers had been obtained 
no significant differences remained. | 

The view that sex, or at least sex ratio, can be modified by con- 
trol of such factors as those listed above has been urged most force- 
fully in recent years by Dr. Oscar Riddle on the basis of experi- 
ments begun by Professor ©. O. Whitman with various wild species 
of pigeons and doves. In these experiments Whitman and Riddle 


found an excess of males under conditions tending toward heightened 


vigor and of females under the reverse conditions. In tame pigeons, 
Cole and Kirkpatrick have shown that the sexes of squabs of the 
same clutch are distributed wholly at random, indicating the lack 
of any external control over sex. The departures from a random 
distribution found by Whitman and Riddle were not very great and 
their significance still seems to be an open question. 

A theory of sex determination which deserves mention only because 
of the frequency with which it is advanced is that sperm cells from 
one testicle produce males, from the other females. An alternative 
theory has it that it is one ovary which produces males, the other 
females. These theories are very easy to test by experiments in 
which one testicle or ovary is removed. Such experiments have 
been performed on a large scale with hogs and rats without any 
effect on the sex ratio. 
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The common belief that particular animals have a tendency to 
produce an excess of males or females has rather more support than 
the other theories mentioned above. Breeders of dairy cattle in 
particular often become discouraged with a bull which seems to sire 
largely bull calves. It must be remembered in this connection, 
however, that rather large departures from equality may occur 
simply by chance. Thus if a coin is tossed 20 times, the best expec- 
tation is 10 heads and 10 tails, but about once in 40 times a departure 
as great or greater than 15 heads or tails is to be looked for. Thus 
a large number of dairy-cattle breeders may be expected to get 15 
or more bull calves out of 20 calves born. Such a result in one year 
would not have the slightest effect on the sex ratio in the next. 

However, very extensive experiments with rats, made by Dr. 
Helen D. King, of the Wistar Institute, have shown that it is possible 
by seléction, accompanied by inbreeding, to produce strains which 
differ considerably in sex ratio. She obtained 122 males to 100 
females in the strain selected for male production and 82 males to 
100 females in the strain selected in the opposite direction. . 

The theory that sex is normally determined by the number of 
chromosomes brought together by the sperm and egg at fertilization 
does not necessarily mean that this is the only method. There is, in 
fact, a certain amount of evidence which indicates that under extreme 
conditions the sex, as determined by the chromosomes, may be 
reversed. In hybridizing, especially, the normal mechanism seems 
likely to be upset and a great excess of males or females may be 
produced. 

THE FREEMARTIN. 


An interesting case of incomplete reversal of sex has recently been 
solved and may be mentioned in this connection. It has long been 
known that a heifer calf, born as a twin with a bull, is, in 8 or 9 cases 
out of 10, sterile. Such a heifer is called a “‘freemartin.’”’ The cause 
of this phenomenon has recently been worked out independently by 
Tandler and Keller in Germany and by Prof. F. R. Lillie, of the 
University of Chicago. They found that the blood systems of cattle 
twins usually grow together. When both twins were females or 
both males, no harm resulted. When a female was the twin of a male 
the development of the former appeared wholly normal in the few 
cases in which the blood systems remained separate. In all the 
cases In which the blood systems were connected, the female showed 
an abnormal development, intermediate between that of a female 
and a male. It appeared that the male embryo secreted some 
substance into the blood which tended to reverse the sexual develop-. 
ment of the female embryo. 
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MENDELIAN HEREDITY IN LIVESTOCK. 
POLLED CATTLE. 


We know much less about the details of heredity in the larger 
animals than in a number of small ones, such as the guinea pig, 
rabbit, rat, mouse, and especially Prof. Morgan’s fruit fly. Never- 
theless unit factors have been demonstrated in a considerable number 
of cases. Polled and horned cattle, for example, differ by a single 
unit in their heredity. The factor which determines the polled con- 
dition is nearly fully dominant over its alternative in horned cattle. 
In a cross between the polled Aberdeen Angus and the Shorthorn, 
most of the calves are wholly polled, and the rest, as a rule, merely 
have loose scurs in the skin. These scurs are more frequent in males 


than females. The same factor has appeared within the Shorthorn, 


Hereford, and other breeds and has permitted the formation of polled 
subbreeds. 

Polled bulls produce 100 per cent polled or nearly polled calves if 
they are homozygous polled like the Aberdeen Angus breed (PP). 
Otherwise (Pp) they produce 50 per cent polled and 50 per cent 
horned in crosses with horned cattle (pp). The polled animals can 
be crossed generation after generation with horned stock without 
reducing the per cent of polled calves below 50 to a significant extent. 
Their horned descendants, on the other hand, have no more tendency 
to transmit the polled condition than ordinary horned cattle. The 
polled character can easily be fixed if the mode of inheritance is 
borne in mind in making all matings. The most important point is 
to use exclusively bulls which have been proved to be homozygous 
polled (PP). Such bulls can be produced only when both parents 
are polled. All polled calves produced by a polled bull from a polled 
cow are not, however, homozygous. Unless it is known that both 
parents were homozygous, the most promising bull calves among 
those with scurs small or absent should be picked out and tested 
with a number of horned cows. It should be easy to find one which 
transmits only the polled condition. 


COLORS OF CATTLE. 


The black Aberdeen-Angus, Galloway, and Holstein-Friesian cattle 
differ in their hereditary make-up from the red breeds (Shorthorn, 
Hereford, Ayrshire, Devon, etc.) by a unit factor. Black is dominant 
over red, and thus may transmit it. The red may be handed on for 
generations out of sight, to appear when two blacks are mated both 
of which transmit it. Even to-day a red calf occasionally is born in 
a respectable black herd of Aberdeen-Angus cattle. In such case it is 
well to remember that the sire, as well as the dam, is transmitting it 
in half his reproductive cells and had best be replaced. 
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Another interesting pair of factors is found in the red and white of 
the Shorthorns. In this case neither isdominant. The heterozygous — 
animals have a mixture of red and white, the familiar roan pattern. 
The roan is thus an unfixable color. Roan by roan produces only 
about 50 per cent roan calves, the rest being equally divided between 
red and white. Practically 100 per cent roan can be obtained by 
breeding a white bull with red cows, or the reverse. The factor 
which removes the color from the hair of roans and whites is inherited 
independently of the kind of color. Thus, when a white Shorthorn 
bull is bred with black Aberdeen-Angus or Galloway cattle, the black 
of the latter is dominant over the red factor which is present in white 
Shorthorns as well as red ones, while the white factor of the Shorthorn 
is imperfectly dominant ovér the solid color of the Aberdeen Angus or 
Galloway. The result is a blue roan. When such blue roans are 
crossed together, blacks, blue roans, whites with black ears, reds, red 
roans, and whites with red ears, are all produced if enough calves 
are born. All but the last class were found among 21 calves pro- 
duced in such an experiment at the Iowa agricultural experiment 
station. | 

Other colors in cattle have not been worked out so satisfactorily. 
There appears, however, to be an imperfectly dominant dilution 
factor which reduces black to dun color and red to fawn. The white 
patterns of many breeds are inherited independently of their colors 
and are, at least to some extent, dominant. The white face of the 
Hereford is thus transmitted to nearly all the calves in the first 
generation of a cross whether the rest of the coat is black or red, and 
is a useful ‘‘ trade-mark”’ for the recognition of Hereford grades in the 
market. Grades of the dairy breeds are usually recognized by show- 
ing traces of the dilute color of Jerseys or Guernseys or the large, 
irregular, white areas of Ayrshires, Holstein-Friesian, and many 


Guernseys. 
COLORS OF HORSES. 


The colors of horses have been worked out in much detail. The 
power to develop black (factor H) seen in bays, blacks, duns, etc., is 
dominant over its absence, as seen in chestnuts (factor h). Bays (B) 
differ from blacks (6) by an independent factor which may or may not 
be transmitted by chestnuts. The dilute colored duns, creams, and 
mouse-colored horses differ from bays, chestnuts, and blacks, respec- 
tively, by a third dominant factor actor D and d). Three other 
independent pairs of factors determine between the roan (), gray 
(G), and piebald (S) patterns and their absence (7, g, and s). Since 
a chestnut horse is recessive in all essential factors (hhddrrggss), he or 
she can produce only one kind of reproductive cell (hdrgs), and two 
chestnuts, whatever their ancestry, can produce only chestnut 
foals. 
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It was thus very easy to fix the chestnut color in the Suffolk Punch 
breed, but on the other hand, all other colors are dominant or, as is 
usually said, prepotent over it. The degree of prepotency depends 
on the dominant factors which are homozygous. A homozygous 
gray stallion (GG) will produce nothing but gray colts, however 
crossed. A heterozygous gray (Gg) will produce 50 per cent gray 
and 50 per cent not gray in crosses. with mares which are not gray. 


Fic. 7.—The spotted coat pattern of this scrub stallion is due to a dominant hereditary unit and may be 
expected to appear in half of his progeny. The curby hocks and other unsoundness are also strongly 
transmissible. ~ 


COLORS OF HOGS. 


Curiously enough we know less about the mode of inheritance of 
colors in hogs than in the larger animals. The results of the first 
crosses between the various breeds are, however, well known. The 
white of Yorkshires and Chesters is more or less prepotent over the 
red of Tamworths and Duroc—Jerseys, and, probably for a wholly 
different reason, over the black of Hampshires, Berkshires, and 
Poland Chinas. The black of Hampshires is prepotent over the 
red of the red breeds. Berkshires and Poland Chinas, on the other 
hand, when mated with the red breeds, produce pigs with a tortoise- 


shell mixture of black, red, and often white spots. The white belt 


of Hampshires, like the white patterns of many other animals, is 
very irregular in its heredity. It is doubtful whether a given type 
of belt can ever be completely fixed. 


a 
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COLORS OF SHEEP. 


The color of black sheep is recessive to the ordinary white color. 
Tt can thus appear only when transmitted by both ram and ewe. It 
is well to remember that a single black lamb in a flock indicates 
that the ram is transmitting the unit for black in half his sperm cells. 
Half of his daughters may thus be expected to transmit it. 


COLORS AND COMB SHAPE OF POULTRY. 


The mode of inheritance of the colors of poultry is still far from 
thoroughly worked out, but a few points may be mentioned. The 
barred pattern of Plymouth Rocks and several other color patterns 
are linked with sex in the way which has already been discussed. 


Fic. 8.—A daughter of the stallion in figure 7. Note the inheritance of the spotted coat pattern and 
curby hocks. 


The Blue Andalusian has a color which is inherited in a way similar 
to the roan of Shorthorn cattle. It is a color which can not be fixed. 
Blue by blue produces only 50 per cent blues, the rest being equally 
divided between blacks and splashed whites. It is possible, how- 
ever, to produce 100 per cent blue chicks by crossing the blacks and 
whites with each other. 

The mode of inheritance has been worked out for a number of 
characteristics of poultry besides color. Thus rose comb is dominant 
over single comb and behaves as if it differed only in one unit factor. 
The pea comb of Indian Games and Brahmas is also dominant over 
single comb but depends on a variation of a different unit factor. 
The combination of rose and pea comb results in the walnut comb 


of the Malay breeds. 
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HEREDITY OF FORM AND FUNCTION IN LIVESTOCK. 
RELATIONS OF THEORY TO PRACTICE. 


In the preceding sections we have attempted to present a brief 
outline of the present theory of heredity as it has been developed in 
the main from experiments with small animals and plants. Tllus- 
trations were given which show that these principles apply to farm 
livestock, at least in the case of coat color and a number of other 
rather superficial characteristics, such as the presence of horns in 
cattle and shape of comb in poultry. There is every reason for 
believing that these principles are of general application. and it is 
hardly too much to say that the normal method of inheritance is 
now clearly understood. Unfortunately, however, a thorough 
understanding does not necessarily mean easy control. The peculi- 
arities of form and function appear to be so complex in their mode 
of inheritance that an understanding of the fundamental laws of 
heredity is at present valuable to the stock breeder largely from the 
hight which they throw on such long-known methods of breeding as 
inbreeding, crossbreeding, selection, etc. In the present section 
most attention will accordingly be paid to these secondary principles. 


EQUALITY OF INHERITANCE FROM THE SEXES. 


As already noted, there is, in general, equal inheritance from the 
sexes with respect to all kinds of characteristics. There is, for 
example, no scientific foundation for such beliefs as that the dam 
controls the external form, the sire the constitution of the internal 
organs, or the reverse. The only known exceptions are the rather 
small class of sex-linked characteristics, which have already been dis- 
cussed. For reasons other than heredity, the dam naturally has 
more influence in the birth weight and some other characteristics of 
young animals, but these effects seem to be outgrown. 

The rule that there is in general equal inheritance from the sexes 
must not be taken as meaning that the sire or dam may not be 
prepotent in a particular cross on account of reasons other than sex. 


PREPOTENCY. 


An ideally prepotent animal is one that impresses his character- 
istics on all his progeny, however mated. There are many unsound 
beliefs connected with prepotency. It is often believed that it is a 
characteristic of an animal as a whole, closelyrelatedto vigor. Thusit 
is often held that a strongly masculine type in a male is an indication 
of general prepotency. This type is desirable in itself as an indication 
of vigor, which is of the utmost importance in all breeding, but there 
is no good evidence that prepotency in any other special characteristic 
is indicated in this way. The idea of general prepotency has also led 
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to the common belief that proved prepotency in one respect, such as 
color, indicates prepotency in others. Experiments, however, easily 
prove the falsity of this claim. 

A white-faced red Hereford cow with normal horns produces polled, 
white-faced, black calves when bred to a polled black Aberdeen- 
Angus bull. An Aberdeen-Angus cow produces the same kind of 
calf when bred to a Hereford bull. Evidently prepotency lies neither 
im the sex, the breed, nor the individual, but in the characteristics, 
polled head, black color (where there is any color besides white), and 
white face. 

Somewhat similarly, a cross made in either way between an 
Aberdeen Angus and a white Shorthorn produces polled blue-roan 
calves. Polled head and black color are prepotent, as before, but 
prepotency is lacking as regards the third pair of opposed character- 
istics, the solid color of the Aberdeen Angus and the nearly solid 
white of the Shorthorn. 

It is not the whole story, however, to say that certain character- 
_ istics are always prepotent. If in the case above, the polled, blue- 
roan Shorthorn-Angus crossbreds are bred back to a white Shorthorn, 
only half the calves will be polled, the rest having good horns, and 
only half will be black in the colored parts of the coat (that is, they 
will be blue-roan or white, with black ears), the rest being red roans 
and whites with red ears. Thus, the characters which were 
fully prepotent in the purebred cease to be so in the crossbred. The 
difficulty is that the crossbred produces more than one kind of re- 
productive cell. In the present case, half of the reproductive cells 
transmit the polled condition and half transmit horns; half transmit 
black and half transmit red; half transmit the tendency to develop 
_ color in the entire coat, as in the Aberdeen Angus, and half transmit 
the highly reduced condition of color, as in the white Shorthorn. 
Moreover, the representatives of the three sets of opposed characters 
are shuffled up and sorted out into the reproductive cells independ- 
ently of one another. Some of the reproductive cells transmit the 
combination polled, solid color and black, others polled, solid color 
and red, and so on through the eight possible combinations. 

In this illustration we have used characteristics which have already 
been discussed as examples of simple Mendelian heredity. Most 
characteristics probably depend on a much larger number of heredi- 
tary units, but, nevertheless, the nature of prepotency is believed to 
be essentially the same. So far as there is prepotency, it is a property 
of characteristics (or really of the hereditary units back of the char- 
acteristics), not of individuals, breeds, or sexes, ‘and whatever the 
characteristic, there can be no prepotency unless the individual 
produces only one kind of reproductive cell so far as it is concerned. 
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In technical language, prepotency depends primarily on two things: 
The factors back of the characteristic must be dominant and each 
pair of factors must be homozygous. Other considerations, such as 
the number of factors involved and their linkage relations as well as 
the system of mating, play a part in determining whether the pre- 
potency of an individual dies with him or is handed on to his de- 
scendants. Most of these elements of prepotency are beyond con- 
trol and can simply be accepted thankfully when they appear. It is 
possible, however, to bring out such prepotency as is in a stock and 
preserve prepotency when it has appeared by breeding so as to fix the 
desired characteristics. Fixation means simply to make all the 
hereditary factors involved homozygous. 


VARIATION. 


Before discussing the methods of fixing characters it will be well 
to go briefly into the causes of variation. In the first place it must be 
recognized that a great deal of variation is not hereditary. Different 
characteristics are affected in very different degrees by outside con- 
ditions. Hereford cattle produce only white-faced, red calves, 
whether raised under the best of conditions or under the worst. 
These same conditions, on the other hand, may make all the difference 
between well-finished animals which win in the show ring and animals 
which would appear discreditable even to a scrub herd. The way to 
eliminate this kind of variation, of course, is to give all the stock uni- 
formly favorable conditions. 

Unfortunately there is In many cases variation which is neither 
hereditary nor due to controllable outside conditions. As already 
pointed out, there are hereditary differences in the average size of 
litter produced by different breeds of swine. There are also heredi- 
tary differences within the breeds, but their influence is so slight that 
Poland-China sows born in litters of 13 or more have been found to 
farrow less than one pig more on the average than sows born in litters 
of one, two, or three. Outside conditions undoubtedly play a part, 
but to a very large extent the size of litter produced by a sow seems 
to be beyond control. 

Even variations in coat color, at least with respect to pattern, are 
not always due to heredity. Spotted guinea pigs vary all the way 
from nearly solid black to solid white. In a mixed stock it is easy to 
show that the whiter parents have on the average the whiter offspring, 
and vice versa, but analysis of the figures in a stock raised by the 
Bureau of Animal Industry indicated that most of the variation was 
due to chance irregularities in the course of development, and was 
thus beyond control. 

The importance of such irregularities in development can be meas- 
ured roughly by the degree of asymmetry found. Thus the patterns 
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‘of hooded rats and Dutch rabbits are much less likely to be asym- 
metrical than that of piebald guinea pigs, and it is found that a given 
pattern can. be fixed in them much more perfectly. The white face of 
Hereford cattle is usually symmetrical and has been fixed to a satis- 
factory extent. Whether the white belt of Hampshire swine can be 
so fixed seems more doubtful, owing to its frequent asymmetry. 

Occasionally a variation is due to the appearance of a wholly new 
hereditary characteristic in a stock. The polled variation of cattle 
has probably appeared in this way a number of times. Such varia- 
tions, or mutations, as they are called, are, however, very rare. 

Most hereditary variation is due simply to recombination of the. 
factors already present in the parent stocks. The blue roans and 
their varied progeny, derived from crosses between Shorthorn and 
Aberdeen-Angus cattle, are a good illustration of variation of this 
sort. It is this form of variation only which can be eliminated by 
methods of breeding. 


FIXATION OF HEREDITY BY SELECTION. 


Consistent selection toward the desired type is sometimes all that 
is necessary to fix a characteristic. Unfortunately, experiments 
_ have shown that what appear to be the same characteristics in two 

- animals often depend on wholly different combinations of hereditary 
factors. A good example has been given in another connection in 
the case of two strains of light-eyed, yellow rats, each of which bred 
true by itself, but which produced nothing but black-eyed gray rats 
when crossed with each other. Thus progress by straight selection 
may be wholly upset at any time by an unfortunate cross of this 
kind. The whole breed must be lifted up at once if there is to be 
success by selection alone. Careful selection with breeding confined 
within a single herd or a few related herds, on the other hand, only 
requires that this small group be lifted up at once. Once success 
has been obtained, such a herd or group of herds becomes a powerful 
source of breed improvement by supplying prepotent sires. Prac- 
tical experience agrees with theory in the principle that the only 
systematic method of fixing heredity, and so bringing out such 
prepotency as is in a stock, is Bakewell’s old method of close breeding 
accompanied by careful selection. 


FIXATION OF HEREDITY BY INBREEDING. 


The primary effect of inbreeding is the fixation of hereditary 
qualities, whether good, bad, or indifferent. In other words, a 
sufficiently inbred animal produces only one kind of reproductive 
cell with respect to all hereditary characteristics (with the exception 
of sex and characters linked with sex in the case of male mammals 
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or female birds). The closer the inbreeding, the more rapid will be 
this fixation of hereditary characteristics. 

The reason why inbreeding fixes characteristics is easy to under- 
stand. As an illustration, consider a stock of horses in which blacks, 
bays, and chestnuts are being produced. Recalling that the domi- 
nant factor H is necessary in order that any black be present, that is, 
that the horse be other than a chestnut, and that the dominant 
factor B in the presence of H determines the bay pattern we see that 
the three colors may be determined by the following combinations 
of factors: 

Bays ee BBHH BbHH BBHh BbHh 


Blacks....6bHH 6bHh 
Chestnuts..BBhh Bbkh bbhh 


Only the first types of bay and black breed true. Suppose, now, 
that the horses are mated brother with sister. From time to time, 
simply by chance, two animals will be mated which are homozygous 
in one or both of the factors. For example, two bays of formula 
BbHH may thus be mated. Neither of them transmits the factor 
for chestnut (2) and it is evident that their descendants will never 
produce chestnuts so long as they are bred only with each other. 
Blacks, however, will frequently appear. These blacks, being homo- 
zygous in both factors (6bH#H), will breed true. If brother-sister 
matings are made among the bays, occasionally matings of the type 
BBHH by BBHH will be made by chance, in which the factor for 
black is eliminated as well as that for chestnut. The descendants 
of this mating will be a true-breeding race of bays. 

Since the unfixed matings are continually giving rise to fixed 
matings, while the reverse can not occur, continued inbreeding is 
enough to insure an automatic tendency toward fixation. This 
fixation of type will tend to occur even if matings are simply made 
at random, but will, of course, be much more rapid if accompanied 
by selection, that is, if bays, for example, are mated with bays only 
in the case above. In this simple case, selection alone will have 
some tendency toward fixing the bay color, but the process will be 
relatively slow. A single unfortunate mating may undo years of 
work. It is hardly necessary to add that the case above is so simple 
that any of the colors can be fixed by much more direct methods, 
not necessarily involving close breeding. The case is merely used 
to illustrate the point that inbreeding has an automatic tendency 
toward making all the hereditary units homozygous, or, in other 
words, resulting in animals which produce only one kind of repro- 
ductive cell. 

A type is fixed most rapidly when matings are made between 
selected brothers and sisters, but the tendency toward fixation is 
present in almost any system of continued close breeding. There is 
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one exception, however, which should be pointed out. The mating 
of sire with daughter is in a sense as close inbreeding as brother with 
sister. Yet a- male may be bred successively with his daughters, 
eranddaughters, great-granddaughters, etc., concentrating his blood 
to any extent, without coming any closer to fixing his type than at 
first if the type were not fixed in himself. This will be clear from 
an illustration. <A bay stallion of formula BbHh produces four kinds 
of reproductive cells (BH, Bh, bH, and bh). Half of these transmit 
the factor for black (6) and half that for chestnut (h). It is obvious 
that he will sire numerous black foals and chestnut foals, no matter 
how much his blood is concentrated. On the other hand, if it is 
possible to obtain a bay stallion which is known to be of formula 
BBHH, there is no quicker way of fixing a true-breeding race of bays 
than by repeated crosses with his female descendants. Such a 
stallion, is prepotent, since in crosses with blacks and chestnuts he 
sires only bay foals. 

Speaking generally, the continued use of a sire of proved prepo- 
tency is the most rapid method of fixing his type, while the use of a 


sire which is not prepotent has no tendency toward fixation, but 


rather the reverse. 
ISOLATION OF GENETIC DIFFERENCES BY INBREEDING. 


It was noted in the section on variation that characteristics differ 
greatly in the degrees to which they are determined by heredity, 
outside conditions which are controllable, and by uncontrollable con- 
ditions, such as chance irregularity in development. Thus, in some 


_ characteristics, such as quality of coat color and, to a less extent, 


type, consistent close breeding, and uniform conditions, result in a 
highly uniform stock. In the case of functional characteristics, espe- 
cially fertility, there remains much variation even under apparently 
uniform conditions and any amount of inbreeding. Color pattern is 
also often of this kind, as we have seen in the case of guinea pigs. 
The Bureau of Animal Industry has a stock of guinea pigs which is 
descended wholly from a single mating in the twelfth generation of 
brother-sister mating. Variability has been reduced only 25 per 
cent by this inbreeding. There is still variation from nearly solid 
black to solid white, but none of it is now hereditary. The progeny 
of the blackest parents produce progeny of the same average grade 
as the whitest parents. Figure 9 shows the variation in pattern in 
four generations of guinea pigs from this inbred family. 

While inbreeding is of little use in bringing about uniformity in 
such cases, it does something else which, perhaps, is even more 
important. When there is a lot of variation which is not hereditary, 
straight selection is especially apt to be at fault. There can be no 
assured progress, since a single unfortunate mating with an animal 
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which is good by accident, not by heredity, may at any time undo 
all previous work. It is only by inbreeding a number of lines and 
comparing them that the real hereditary differences can be recognized. 
This was done in the inbreeding experiment with guinea pigs referred 
to above. Certain inbred lines averaged 15 per cent white, others 
&5 per cent, while others were intermediate. It is very doubtful 
whether the extreme types could ever have been obtained from the 
original stock by straight selection without close breeding. Simi- 
larly, differences in growth, fertility, and vitality were brought to 
light among the different families of guinea pigs. These are discussed 
under the next heading. 

It would be difficult to overemphasize the importance of close 
breeding in the past history of livestock breeding, as the agent in 
bringing out the real hereditary differences between different stocks, 
and so leading to improvement in characteristics which could not 
have been improved by selection alone. 


Fic. 9.—Four generations ofinbred guinea pigs. The young pair at the right end ofthe lineis descended 
from 19 generations of matings of brother with sister. Three of these generations, the parents, grand- 
parents, and great-grandparents are in the picture. Color and other characteristics have become fixed 
automatically in this family because oftheinbreeding. Theexact coat pattern, however, as is generally 
the case, is not wholly determined by heredity, and is therefore unfixable. 


THE EFFECT OF INBREEDING ON VIGOR. 


Along with the advantages of inbreeding, certain unfortunate 
effects have long been known. A general reduction in vigor, espe- 
cially in fertility, has long been ascribed to inbreeding, and there 
can be no doubt that these are common effects. It is not, however, 
so certain that they are invariable effects. Dr. Helen D. King, for 
example, has inbred rats, brother with sister, for 25 generations with- 
out any decline in size, constitutional vigor, or fertility, but rather 
the reverse. 

The Bureau of Animal Industry (Bulletins 1090 and 1121, U.S. 
Department of Agriculture) has made experiments on the subject 
involving about 34,000 guinea pigs. A number of distinct families 
have been maintained wholly by matings of brother with sister. 
The fact that one of these has reached the twenty-fifth generation 
without any conspicuous decline in vigor in any respect is further 
evidence that the evils of inbreeding are by no means as great as 
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often pictured. Other families, however, suffered a rapid decline, 
‘and some decline is shown by the average for all families. The 
great differences between families confirm the suggestion that inbreed- 
ing is merely likely to lead to decline in vigor, but does not necessarily 
doso. This conclusion is brought out also on considering the different 
characteristics separately. One family lost markedly in vitality 
but not in size or fertility. In another the reverse was the case. In 
fact, nearly all combinations of favorable or unfavorable character- 
istics were represented by one or more families after a number of 
generations of inbreeding. 

The results of crosses between different inbred families are inter- 
esting in this connection. The young from such crosses made dis- 
tinctly better gains and a larger percentage were raised of those born 
alive than in their inbred cousins raised at the same time under the 
same conditions. The crossbred females have much larger litters 
and have them more frequently. More of their young are born alive 
and the birth weights are greater than of young born of inbred dams. 
The second generation, in fact, appears to be as vigorous as a control 
stock which has never been inbred. 

These results are easily interpreted by the present theory of hered- 
ity. They confirm the view that the primary effect of inbreeding is 
merely the automatic fixation of hereditary factors. It seems to be 
the usual rule that factors favorable to vigor are dominant over 
unfavorable ones, and hence tend to conceal the latter under cross- 
breeding. Under inbreeding the unfavorable factors are as likely to 
become fixed as favorable ones, and hence are brought to light. One 
or more of the unfavorable factors affecting size, vitality, or fertility 

are thus very likely to become fixed in each line, especially as it is 
very likely to happen that some of the favorable and unfavorable 
factors may be linked in their heredity, which means that the at- 
tempt to fix these favorable factors involves an involuntary fixation 
of the unfavorable ones. It usually happens that different defects 
become fixed in different lines, so that on crossing each supplies the 
elements of vigor which the other lacks and full vigor returns. 

The fixation of unfavorable characteristics can be prevented to 
some extent by sufficiently careful selection, but it must be remem- 
bered that fertility, vigor, etc., depend on so many factors besides 
heredity that even the most careful selection will often be at fault. 
Hereditary differences in these respects can not, in fact, be deter- 
mined with certainty except by starting a large number of inbred 
lines and comparing them. It is the discovery of one really valuable 
line, out of ascore or more of closely bred lines, which may be expected 
to make history in livestock breeding. 

While the conclusions in regard to inbreeding as given above are 
based on experiments with higher animals, it may be well to add 
that extensive inbreeding of insects has given similar results and that 
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the same is true of continued self-pollination in plants as brought 
out by Darwin, Shull, East, Jones, and Collins and Kempton. 

Summing up, the primary effect of inbreeding is the automatic 
fixation of some combination of hereditary factors present in a stock. 
This leads to uniformity of type or function, if such uniformity is 
possible. When not possible, owmg to variability which is not 
genetic, the hereditary potentialities in the lines are brought out 
clearly, as is possible nn no other way. Decline in vigor is a common 
but not a necessary consequence of the fixation of heredity. 


CROSSBREEDING. 


% 

As inbred animals produce only one kind of reproductive cell, it is 
to be expected that a cross between two inbred lines will produce 
only one kind of progeny so far as hereditary factors are concerned. 
It is, in fact, well known that the first cross between two closely 
bred stocks is as uniform in character as either of the parent stocks. 
The cross between the polled black Aberdeen-Angus breed and 
white Shorthorns, producing polled blue roans, has already been 
considered. The conformation is also uniform in the first generation. 

While uniform themselves, such crossbreds are anything but 
prepotent as breeders. When two of the above-mentioned polled 
blue-roan Shorthorn-Angus crosses are bred with each other, the 
progeny, as already mentioned, include blacks, reds, blue roans, red 
roans, and whites with either black or red ears. Any of the colors 
may be associated either with horns or polled heads.- There is also 
increased variability in conformation. 

As regards vigor and fertility, crossbreeding is likely to lead to 
marked improvement. As noted above, the crossing of two unrelated 
weakened inbred lines usually leads to a return to normal vigor. 

Summing up, the first generation of a cross is as uniform in charac- 
ter as the parent stocks, and in general shows increased vigor. In 
the second generation there is increased variability, the characteristics 
of the grandparents being combined, as a rule, in all combinations 
and in all degrees. 


THE SYSTEM OF BREEDING. 
THE PURPOSES OF LIVESTOCK BREEDING. 


Aside from mere increase in numbers, the purposes which the 
breeder is likely to have in mind fall under two more or less distinct 
heads, namely, production of a uniform product and improvement. 
A uniform product depends on such control over the heredity of the 

stock that matings can be made with the assurance that the offspring 
will be of a certain definite type for which there is a demand. Im- 
provement is, of course, closely related to control over heredity, but 
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the methods which give the greatest control are not necessarily 
those which lead to most rapid improvement. 


UNIFORMITY OF TYPE. 


The method of obtaining such uniformity of type as is possible, 
is, as already indicated, close breeding, accompanied by selection. 
This method was one of the foundations of Robert Bakewell’s success 
in improving the Longhorn cattle and Leicestershire sheep of the 
eighteenth century. His example was followed in the foundation 
period of most of the British breeds of livestock. Injurious effects of 
inbreeding became apparent later in certain lines, as in the low 
fertility of the Bates Shorthorns. There are to-day breeders who 
have reached great success through inbreeding and others who have 
met disaster. 

The degree of inbreeding which should be followed depends to a 
large extent on the purpose. Type, color, and utility have already 
been fixed to some extent in most of the pure breeds, and merely the 
consistent use of males of the same pure breed may be sufficiently 
close breeding in many cases. ‘To fix a superior type within a breed, © 
however, requires closer breeding. The closer the breeding, the 
more readily will characteristics become fixed. 

The expression ‘line breeding” is often used for various mild 
forms of close breeding. Thus, continued breeding within a herd or 
within a few related herds, with the avoidance of close inbreeding, 
is a kind of line breeding. The term is perhaps most frequently 
used when there is an effort to concentrate the blood of an especially 
-worthy animal by mating together animals descended from him. In 
either case characters are fixed more slowly than with close inbreed- 
ing. There is, In consequence, less danger of. fixing undesirable 
qualities in the stock by accident. It may be well to add that in 
line breeding, as in any form of inbreeding, animals should be mated 
primarily on their merits, regardless of the exact degree of relation- 
ship. The attempt. to follow a rigid system of mating, such as is 
sometimes represented on charts, usually interferes too much with 
selection to be a success. 

The degree of inbreeding which a man can afford to follow depends 
in part on the size of his herd, in part on his ability in selecting the 
best for breeding stock, and in part on the extent to which he can 
take a chance. As already noted, most valuable characteristics of 
livestock are affected to such a large extent by feed and management. 
and also by uncontrollable conditions, that the selection of the best 
individuals does not always mean selection of the best heredity. 
Hereditary differences can often be recognized clearly only when 
different inbred lines are compared with each other. Thus, among 
a number of inbred lines started from the same stock and maintained. 
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with equal ability, some will degenerate rapidly, the majority, perhaps, 
will show some unfortunate characteristic, and in only a few will 
the desired type become fixed in association with high vigor and 
fertility. Once cbtained, however, the type can be kept for a long 
time at its high level by close breeding, and can supply prepotent 
males for the improvement of inferior stock. 


CROSSBREEDING FOR THE MARKET. 


As already noted, control over heredity, and hence uniformity, 
depends on the amount of close breeding back of the parents and 
not at all on their relationship to each other. There is no doubt, for 
example, that mules can be produced as true to type as any pure 
breed, by using closely bred jacks and mares. Experience is, of 
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Fic. 10.—A Poland China boar, illustrating the la 
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course, necessary to determine just what lines of jacks and mares 
will produce a mule of a particular size and type. It is probable that 
systematic crossing of breeds could be practiced to a larger extent 
than at present in cases in which the offspring are not to be used for 
breeding. An increase in vigor is to be expected. In some cases 
advantage can be taken of the good qualities of two breeds. The 
highest development of the meat type in animals is generally cor- 
related with reduced fertility. By choosing females from a breed 
distinguished for its vigor and fertility, and the male from a breed 
of the most extreme meat type, it is possible to produce progeny of 
the best market type without the losses due to defective fertility. 
Among hogs, Yorkshire or Tamworth sows can be used to advan- 
tage with an extreme type of Poland China or Duroc-Jersey boar. 
Purebred or grade Dorset ewes are useful in crosses where it is desired 
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to produce lambs out of season. Under some circumstances dairy 
cows can well be bred to bulls of the beef breeds in order to produce 
calves which can be fattened profitably. In some cases it may even 
be worth while to develop races within two breeds specially designed 
to be complementary to each other in crosses. The danger in any 
system of crossbreeding is that the very excellence of the first genera- 
tion will tempt the breeder to use them as breeding stock. The 
additional vigor due to crossing decreases after the first generation 
and uniformity of type is lost-at once. 


IMPROVEMENT. 


There is a certain antagonism between control over heredity and 
radical improvement. Perfect control over heredity implies the 
absence of all variation among the progeny of a mating. A useful 
new type is most likely to be found where there is a maximum of 
variation. Thus the pioneer breeder must make wide crosses. The 
first generation may be expected to be about intermediate between 


Fic. 11.—A group of Corriedale rams. This breed originated in Australia in the crossing of Lincoln or 
Leicester rams with Merino ewes. It has been developed into a true type by years of close breeding 
and selection. 


the parents and as uniform as the uncrossed parental lines. The 
second generation, however, will in general show distinctly more 
variability.. The ancestral characteristics will be found in every 
compatible combination and in all degrees of development if enough 
young are produced. Characteristics may be found which appear 
wholly new. If a promising new type is formed it remains to fix it 
by careful selection and close breeding. 

There will doubtless always be room for the production of new 
types and from time to time even new breeds. But this work of 
radical improvement is not likely to occupy more than a few of the 
most ambitious breeders. Others will have such superior stock that. 
they can do no better than conserve it by close breeding, making such 
slow improvement by selection as the limited variability of the stock 
permits. With a larger number, periods of close breeding must be 
interrupted by periods in which new blood is infused into the stock, 
a certain amount of uniformity being sacrificed to obtain renewed 
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vigor and a basis for further improvement. The great body, even of 
the owners of purebreds, however, will own stock which is distinctly 
below the best of its breed. For them improvement and fixation of 
type can go hand in hand. The method is the consistent use of pre- 
potent males of a given superior line. 


GRADING UP. 


Common stock can be improved and fixed in type by the same 
methods as those described last. The process in this case is known 
as grading up. Even two or three crosses with superior purebred 


Fig. 12.—A Merino ram, an example of the fine-wool type of sheep. 


males should raise the level practically to that of the average pure- 
bred, if not better, so far as individual qualities are concerned. With 
five or six such crosses it would doubtless be possible to produce 
animals better than most purebreds both in their own characteristics 
and in their breeding power. 

It is not, however, considered practicable to permit registration of 
grades as purebreds, no matter how many top crosses there may be, 
with superior purebred males of the same breed. In all but this 
respect, however, a large stock of common females can be rapidly 
converted into a herd as good as a purebred herd by grading. It is 
in the grading up of the common stock of the country that scientific 
breeding can render its greatest service. 
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METHODS OF SELECTION. 
GENERAL CONSIDERATIONS. 


In a broad sense the whole subject of practical breeding comes under 
the head of selection. The considerations which should determine 
the general policy of mating have been discussed in the previous 
section. 

In the present section, selection will be considered with respect to 
the characteristics which it is desired to improve rather than to the 


=1G. 13.—A Lincoln ram, an example of the long-wool type of sheep. The Corriedale breed was 
developed from crosses of rams of this type with fine-wool ewes. 


system of mating. The most obvious basis for such selection is the 
performance of the animals themselves. A dairy cow with a record 
of 1,000 pounds of butterfat in a year is more likely to produce a 
useful calf than one which produced only 200 pounds under the same ~ 
circumstances. Unfortunately, the merits of most kinds of livestock 
can not be measured so directly. The study of conformation as an 
index of useful qualities has accordingly held a high place as a basis 
for selection of breeding stock. Livestock judging has this for its 
purpose. An animal of good stock is a better one to breed than one 
of equal individual merit but of mixed or common breeding. His 
prepotency is apt to be greater. The pure breeds were founded in 
recognition of the importance of the heredity back of the immediate 
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parents, and pedigree, though often misused, is a valuable aid to 
selection, apart from its importance in following a general policy of 
mating. The soundest basis of all for selection of breeding stock 
is the record of past performance as a breeder, provided the record is 
sufficiently extensive to give a fair test. 

The selection of the male, on whatever basis, should not depend 
wholly on the approximation to the ideal which the breeder has in 
mind, but also on the character of the females with which he is to 
be bred. The general rule is that the prospective sire and dam 


Fic. 14.—A striking illustration of the Use of a purebred sire. Two-year-old crossbred Hereford-Jersey 
steer, weighing 1,650 pounds, and his dam, a Jersey cow, weighing 800 pounds. The picture also illus- 
trates the prepotency of the Hereford white face. 


should be chosen so that the average of their characteristics approxi- 
mates as closely as possible the ideal type. In other words, they 
should be alike in characteristics which are up to the standard, while 
defects in one should be balanced by exaggerated development in 
the other. This principle has special application to horse breeding 
in choosing the stallion to breed with a particular mare. In the case 
of cattle, sheep, swine, and poultry its application is necessarily 
more limited, as the same male can not be expected to correct the 
defects of all the females. In these cases the male had best approach 
the ideal type im all respects as closely as possible. If all the females 
are of the same inferior type, however, the use of a male of an exag- 
gerated improved type may lead to most rapid progress. At one 
time the hogs that won the show ring awards were of an exaggerated 
type in which extreme early maturity went with lightness of bone, 
low fecundity, and excessive fatness. This show-ring type was not 
considered the best utility type itself, but was the best for improving 
the coarse, slowly maturing, common stock of that time. 
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INDIVIDUAL PERFORMANCE AND LIVESTOCK JUDGING. 


As a general rule the most direct methods of estimating the useful 
qualities of animals are the most satisfactory as a basis for selection. 
Until relatively recently it was not practicable to make accurate 
tests of the milk and butterfat production of large numbers of dairy 


cows. The experience of dairymen with regard to the type of cow 


which had provéd to be most productive was the best guide in select- 
ing breeding stock. At present the records made in a cow-testing 
association or in attaining advanced registry in a pure breed give a 
direct basis for selection, and the indications from conformation are 
being relegated to a decidedly secondary place, although knowledge 
of the approved dairy conformation is still of use in picking out the 


more promising cows from common stock or from among untested 


purebreds. | 
Professor Gowen, of the Maine experiment station, has made an 
extensive study of Jersey records in which he found that even a 
seven-day milk test was more than twice as reliable an indicator of 
year milk yield as the total score or any part of it as given by trained 
dairymen. | 
Similarly, the trap-nest record is coming to be more important in 


finding the best egg-laying strains of poultry than the approach to 


a standard type. Wool production is of course judged directly. 


_ Among Standardbred trotters and pacers speed, of course, has been 


the all-important qualification from the first and has been fixed much 
better than conformation. During the longer history of the English 
Thoroughbred both speed and conformation have been fixed to a 
greater extent than in the Standardbred, but the prime basis for 
selection has always been success on the race course. The judging 
of heavy horses by conformation and action is probably as direct 
as is practicable. In the meat breeds of cattle, swine, sheep, and 
poultry study of the conformation gives the best indication of the 
actual quantity and quality of the meat which can be got without 
killing the animal and also gives indications as to early maturity. 
Detailed descriptions of the approved types can be found in bulle- 
tins on the various breeds of livestock. 

There are constant attempts to find a short cut to correct judg- 
ment through a correlation between some easily observed charac- 
teristic and the useful qualities. The development of the so-called 
escutcheon of dairy cattle was at. one time very widely accepted as 
an indication of milking capacity, although the supposed correlation 
appears to have no basis in fact. In the case of poultry there are a 
number of ways, without taking trap-nest records, of picking out 
the hens which have been laying consistently. In breeds with yellow 
shanks those with the palest color have been proved to be the better 
layers. This is, however, really a more direct test than it seems. 


since the yellow color of the yolk of the egg is the same as that in 


* 
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the skin. In times of heavy laying the yellow coloring matter from 
green feed is taken up by the eggs instead of by the skin. Other 
tests, such as those depending on the spread of the pelvic bones or 
the time of molting, are.even more direct. 

There is another class of indirect indications of utility which should 
be mentioned. There is no reason for believing that the white face 
of the Hereford has any physiological connection with profitable 
meat production. The breeders of Hereford cattle, however, fixed 
this characteristic at the same time that they were fixing a good 
beef type. As it has been fixed in no other breed of cattle, it is a 
valuable indication of Hereford breeding when found in common 
stock. Conversely, fancy points which are lost on crossing have 
value as indications of pure breeding. | 


THE BREEDING RECORD. 


The most direct evidence of the value of an animal in breeding, of 
course, is the past record in this respect. The discovery of pre- 
potent animals of a desirable kind means more for breed progress 
than any other factor. It is only necessary to recall the influence 
of Hambletonian 10 and his son, George Wilkes, on the American 
trotter, of De Kol 2d on the Holstein-Friesian cattle of this country, 
and of Anxiety 4th on American Herefords. In judging the value 
of an animal on this basis the number of his progeny and the char- 
acter of the animals with which he or she was mated must, of course, 
be taken into account. Uniform excellence in all of a large number 
of progeny outweighs a record of one champion among many culls. 

This method of selection is, of course, more applicable to males 
than to females, since the latter seldom have offspring enough until 
quite old. Unfortunately, it is very common to dispose of males 
before their value as sires is established, largely because of fear of 
inbreeding. There is probably nothing which will make for progress 
more than a systematic recording of the breeding record of promising 
sires, such as we have in the advanced registry for dairy bulls, based 
on the performance of their daughters. 


PEDIGREE. 


The ancestry of an animal as a clue to his probable success as an 
individual and as a breeder should first be considered as a whole. It 
makes a great deal of difference whether he is purebred, high-grade, 
crossbred, half-blood, or merely scrub. If there is line breeding to 
some prepotent individual and the other ancestors for several genera- 
tions indicate consistent selection toward the same type, it is very 
likely both that the animal will himself develop into this type and 
that he will be markedly prepotent. On the other hand, an array ot 
ancestors of varied types, even though each is among the best of its 
kind, indicates an animal about which little can be predicted as to. 
his own performance and less as to his progeny. 
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The value of particular individuals in the pedigree depends on the 
degree of relationship. _A noteworthy sire or dam is a very important 
consideration. A noteworthy great-grandsire does not mean mucb. 
by himself, and the more remote ancestors hardly need be taken into 
account as individuals. 

Attention should also be paid to collateral relatives. Each full 
brother or sister counts as much as a parent. Half brothers and 
sisters and full brothers and sisters of the parents are as closely related 
as grandparents. First cousins are related as closely as great- 
grandparents. : 

If the past breeding record of an individual is a better indication 
of his future success than his pedigree, it follows that in judging the 
value of a pedigree the breeding record of the sire is more important 
than his ancestry. The breeding record of the dam is important as 


Fig. 15.—Yearling Shorthorn bull. 


far as it goes, but may not be extensive enough to have much weight. 
The breeding record of her sire is likely to give more information. 
‘Thus, the worth and similarity in type of the progeny produced by 
the three or four closest top-cross males in the ancestry, in connection 
with their own worth and their relationship to one another, are the 
most important considerations in passing judgment on a pedigree. 
About twice as much weight should be given to the sire as to the 
dam’s sire, and so on. 

In judging the value of a pedigree, it is, of course, important to 
give as much weight to the inferior animals represented as to the 
champions. Unfortunately, it is not possible to learn much of the 
characteristics of any but the latter class. The rest of the pedigree 
consists merely of names. A knowledge of the methods and ideals 
of the leading breeders is of great assistance in giving substance to 
these names. 
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PRINCIPLES OF LIVESTOCK BREEDING. ¢ De 


It is evident from what has been said that it is an exceedingly diffi- 
cult thing to be able to judge quickly and accurately the amount which 
a certain pedigree adds to or subtracts from the value of an animal 
as an individual. A very detailed knowledge of breed history, recent 
and past, is necessary, as well as good judgment. The past history 
can be learned in part from standard books on the breeds, while the 
recent history, which is more important, can be best acquired by 
following: the results at the great shows and sales for a few years and 
keeping in touch with the current breed journals. The pedigree of 
any purebred can easily be obtained from the herd, flock, or studbook. 

The best method of writing a pedigree for the purpose of study is 
that given for Amos Cruikshank’s famous Shorthorn bull, Roan 
Gauntlet, in the tabulation shown. All the ancestors for a number of 
generations are shown in their proper relations to each other. Any 
line breeding in the pedigree is at once brought out. In the case of 
Roan Gauntlet the accompanying form shows that he traces in every 
line to a mating of Mr. Cruikshank’s great bull, Champion of England, 
with a daughter or granddaughter of Lord Raglan. | 

The other common method of writing pedigrees is given for Roan 
Gauntlet below the full tabulation. The dam, her dam, and so on 
in the straight female line, are named in the first column. Opposite 
each female is written the name of her sire. It is very common in 
this form to add the name of the breeder after each animal, a practice 
which, as already noted, is often of value in giving significance to 
ctherwise unknown names. To the breeder who is thoroughly 
acquainted with the leading sires in his breed, their own merit and 
that of their progeny, the names of the three or four males at the top 
of the column may be sufficient for a very satisfactory estimate of the 
value of the pedigree. Unfortunately, this form of pedigree is likely 
to lead to undue weight being placed on the female line of ancestry. 
Owing to their smaller numbers, the sires are in general superior to 
the dams both in breeding and as individuals. Thus the straight 
female line is apt to be the weakest in the whole pedigree. Direction 
of attention to this line has merely the somewhat negative justifica- 
tion that if it is good the whole pedigree is likely to be good. 

The amount of information necessary for weighing properly the 
value of a pedigree is so great that a large number of men arrive at 
their conclusions by some short cut. The usual short cut in this case 
is the basing of values on family names, assigned to animals in a 
more or less arbitrary way. If the families really represented closely 
bred lines—breeds within breeds—this would be satisfactory, but that 
Sa ° . 
is seldom the case. In some breeds, the family name applies to all 
the descendants through the straight female line from some particular 
female. The second form of pedigree described above has the unfor- 
tunate effect of appearing to sanction this system. After a few gen- 
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erations such a family name may mean practically nothing as regards 
either type or breeding. A judgment based on a family name in the 
straight male line is no better. The direction of attention away 
from real values always means deterioration in the end. A fancy 
for a particular name thus tends to correct itself in the long run, but 
may work great harm to a breed in the meantime. 


THE VALUE OF PUREBREDS. 


The characteristics of our domestic animals are the result of a 
very gradual evolution, which has taken place in the course of cen- 
turies. Even our average scrubs are doubtless superior, in their 
usefulness to man, to the wild animals from which they are remotely - 
descended. Until quite recently most of this improvement probably 
came about rather in spite of, than because of, the current beliefs 
in regard to heredity; one sound principle, the selection of the best 
for breeding, was, however, widely enough applied to bring about a 
slow progress. That our livestock are on the average still far from 
utilizing their feedstuffs to the greatest advantage in producing food, 
clothing, and work is shown by the achievements of individual ani- 
mals, usually belonging to one or another of the pure breeds. These 
pure breeds are the tangible result of a century and a half of conscious 
effort at improvement. As hope for a more satisfactory livestock 
situation in the country depends on the further improvement of 
pure breeds and on the diffusion of their influence through the com- | 
mon stock, it will be well to consider briefly what has already been 
scot ee. 

The value of the purebreds is clearest in those cases in which the 
capability of the animals is measured most directly. No one would 
question, for example, the supremacy of the English Thoroughbred 
in speed and gameness, a supremacy gained by a long period of the 
most direct selection. Among the farm animals, the best illustration 
can be found in dairy cattle, although careful yearly tests of milk 
and butterfat production are relatively recent affairs. The enormous 
differences among dairy cows when given the same opportunity have 
been brought out clearly in a great number of cases. Careful studies 
have shown that these differences are strongly inherited through both 
the sire and the dam. The average for purebreds and grades is also 
much above that for the average milk cow of the United States, 
which produces only about 4,000 pounds of milk and 160 pounds of 
butterfat in a year. 

DAIRY CATTLE. 


The great improvement which can be made by better feeding and by 
the grading up of common cows by the use of purebred sires has been 
demonstrated in all the many cases to which the writer has seen 
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reference. Since, however, it is not possible in most cases to separate 
clearly the effects of grading up from those of better feeding and 
management, it may be well to refer briefly to an experiment recently 
reported by McCandlish, Gillette, and Kildee, of the Iowa agricultural 


experiment station, in which this can be done. 


A number of scrub milk cows were brought to the station from a 


region of Arkansas in which purebred bulls had not been used. 


Their 


average milk production was not known but was doubtless much 
less than that which was obtained from the same cows under careful 


management at the station. Five of the cows were mature, 


2 were 


4 years old, and 7 either were very young heifers when obtained or 
were born at the station. These scrubs were bred to purebred bulls 
(Holstein, Guernsey, and Jersey), none of which were high priced. 
The records, all made under the same conditions, may be summarized 


as follows, after making the proper correction for age: 


Effect of breeding scrub milk cows to purebred bulls. 


Cows’ |Lactation 


Description. . ounds 

tested. | periods. eal 
Serubs—mature whenlobtained|:: 52025-5252 ee es 5 15 3, 169 
Scrubs—4 years old when! obtained 22-22. -.-.5.-222-.+52-2--- 2 15 3, 598 
ISCLFUDS—AEVElOPEd AtiStAtlOl ee ee es ee ee 7 28 4, 036 
One-half purewtaodties aa kerk ae See eet eeenie ae e ee cee 13 40 5, 556 
shhree-1Ourt ns. PuUrewO lOO see ee aes eee eee em ua uae 5 6 8, 402 


Average | Average 


pounds 
butterfat. 


154 
166 
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RESULTS OF IOWA EXPERIMENT IN GRADING UP SCRUB DAIRY STOCK. 


The table indicates that a heifer which has developed ’ under 
favorable conditions will produce more milk than one which did not 
have this advantage (increase of 27 per cent in milk, 24 per cent in 
butterfat). The most important thing brought out, however, is 
the great improvement made by one cross with purebred sires (38 
per cent in milk production, 32 per cent in butterfat). The data for 
three-quarter bloods are rather meager, but show such a very great 
‘increase that it can be hardly doubted that a substantial increase 
over the first cross will be shown when larger numbers are available. 
When each of the grade cows is compared with her scrub dam or 
granddam, the improvement appears even more striking, owing to 
the fact that some of the dams were in the group of scrubs which 
were mature when brought to the station. Considerable difference 
was found in the value of the different bulls used. One of them 
produced hardly any improvement in his daughters, while others 
were responsible for’a big increase in production. 

It is important to understand the essential difference between a 
good and a poor producer. An investigation by C. H. Eckles, of 
the University of Missouri, brought out no important differences 
in the quantity of feed used by the cows merely in maintaining their 
weight when dry, nor in the amount of milk and butter produced 
by a given amount of additional feed. The good producer merely 
ate more feed in addition to the maintenance ration than the poor 
producer. This does not mean that a better appetite is the cause 
of higher production. The situation is probably the reverse. It 
shows, however, that the greater economy of high producers les in 
the smaller percentage of their feed used for mere maintenance. 
The average cow, producing 160 pounds of butterfat a year, eats 
about 50 per cent more than if she were dry. Her milk scarcely pays 
for her keep. A cow which eats 100 per cent more than her main- 
tenance requirements should produce twice as much milk as the 
former cow, with only one-third more feed. If the average Ameri- 
can cow were of the latter kind, producing about 320 pounds of 
butterfat in a year, only half as many cows would be needed as at 
present and only two-thirds as much feed would be consumed in 
producing our present milk supply. With still more productive 
cows, milk can be produced still more cheaply, although it should 
be said that the rate of decline in feed cost decreases rapidly for 
production above 320 pounds. As a very considerable number of 
cows, including representatives of all the important breeds, have 
records of 900 pounds of butterfat in a year, the attainment of an 
average of 320 pounds is not a very ambitious undertaking. 

As for the breeds of dairy cows, each has its advantages. The 
Jerseys and Guernseys, for example, produce richer milk than the 
Holstein-Friesians, but on the average less of it. The average 
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difference in butterfat production, relative to the size of the animals 
and their cost of upkeep, is probably not very great. The differences 
between good and poor strains within each breed are much more 
important than differences between two breeds. 


QUALITY IN MEAT. 


The world-wide trend toward a falling per capita production of 
meat and the rising prices relative .to other foods make the more 
economical production of meat a pressing problem. Both better 
methods of management and the improvement of the native stock 
by grading are of the greatest importance in this connection. The 
differences between purebred and scrub stock and the advantages 
to be expected by the grading up of the latter, however, are often 
misunderstood. The improvement is not primarily in size or even 
in the apparent economy of gains. The three most important 
breeds of beef cattle—Shorthorn, Hereford, and Aberdeen Angus— 
are indeed of large size, and when crossed with scrub beef cows or 
with milk cows which are undersized by heredity and not merely 
stunted by lack of proper feeding, they ~produce great improvement 
in this respect. Shorthorn and Hereford bulls have done wonders 
for the western range cattle in this way as well as in others. The 


pure breeds of swine and the larger breeds of sheep have also often — 


been used to advantage to increase the size of native stock. There 


are, however, many large-sized scrubs. 

The Holstein-Friesian cattle probably have the largest bony 
framework of all the breeds, but are not the best beef cattle. Feeding 
tests at experiment stations have often shown very little difference 


in either rate or gain or the cost per pound of gain when purebred 


or high-grade beef steers were compared with steers of scrub or 
dairy breeding. Holstein-Friesian steers, as might be expected, 
have shown up especially well in such tests. Similar results have 
been obtained in comparing purebred swine with ‘‘razorbacks”’ 
raised under the same conditions. 

In the tests with cattle, however, the animals of beef type and 
breeding usually finished out into a class for which the market 
would pay considerably more than for the finished scrub or dairy 
steers. The per cent which the dressed weight forms of the live 
weight depends largely on the degree of fattening, and varies from 
40 per cent in thin cows to 70 in the most highly finished steers. 
Under the same conditions steers of beef breeding usually dress out 
from 1 to 5 per cent more than common or dairy steers. There is 
also a slight difference in the size of the cuts from different parts of 
the carcass. Nature tends to develop most flesh in the muscles 
which do the most work. In the beef breeds of cattle, animals have 
been selected for breeding in which there was as much flesh as pos- 
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sible in the little-used muscles of the back and loin. The high- 
priced cuts from the back and lom, in fact, do form a slightly larger 
percentage of the dressed weight in beef steers than in common ones. 
The greater value of the meat from steers of beef breeding is largely, 
however, ascribed to the somewhat elusive element quality. 

If the greater use of purebred bulls is merely to improve the average 
quality of beef and not to increase the quantity produced in the 
country with a given consumption of feed, it may seem to be of no 
very great importance. It appears, however, that in this case 
superior quality really means greater food value. The essential 
differences between a beef steer and the average scrub are probably 


Fic. 17.—Aberdeen-Angus steer of excellent beef type. 


brought out most thoroughly in an experiment by Dr. H. P. Armsby 
and J. A. Fries (Bureau of Animal Industry Bulletin 128). 

An Aberdeen-Angus steer was fed in comparison with a scrub. 
The utilization of the feed was investigated by the most thorough 
methods. In agreement with the usual results, there was little 
difference in gains or cost per pound of gain. The beef steer dressed 
out better—60 per cent compared with 54.5 per cent—and the loin 
formed 17.5 per cent of the dressed weight, compared with 16.4 per 
cent in the scrub, which had more weight in the cheaper cuts. The 
beef steer, though greater in height and length of body at a year of 
age, was reached or passed by the scrub later in those respects. The 
beef steer, however, greatly surpassed the scrub in girth of body. 
Evidently the scrub continued growing for a longer time in bone and 
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muscle, while the purebred, after a more rapid early growth, matured 
earlier and turned to fattening with greater facility. There was an 


‘important difference in the amount of feed just necessary to keep the 


animals from losing weight, the scrub requiring about 19 per cent 
more feed for this purpose. The purebred, moreover, was able to 
consume and utilize a larger amount of concentrated feed above his 
maintenance requirement than the scrub, the same difference, it 
will be recalled, as that between a good and a poor dairy cow. 

These advantages may appear impossible to reconcile with the 
lack of difference in gains or cost per pound of gain. The explana- 
tion is that the purebred packed more food value into a pound of 
gain. A pound of his meat contained a great deal more fat and 


Fig. 18.—Yorkshire boar, illustrating the bacon type of hog. 


practically as much protein, but very much less water. Thus a 
pound of meat from the purebred was not merely of higher quality, 
because of the superior marbling with fat, but really contained 40 
per cent more food value. Thus under the same conditions a pound 
of meat from a properly finished purebred is no more comparable 
with a pound from a scrub than is a pound of rich milk with a pound 
of low-testing milk. 

Thus the important qualities which breeders have developed in the 
breeds of beef cattle are the blocky conformation with the greatest 
development of the more valuable cuts and the smallest amount of 
waste; the low maintenance requirement which results from a placid 
disposition ; the rapid but soon completed growth in bone and muscle, 
in which large size is combined with early maturity; and, finally, ease 
of fattening. 
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The improved breeds of hogs have a similar advantage over scrubs 
in conformation, disposition, early maturity, and ease of fattening, 
resulting in the production of a more concentrated food product at 
no more or at less cost per pound. The hog, however, has such an 


Fig. 19.—A Piney-Woods ewe. 


excessive tendency to fatten that. the most improved breeds do not 
produce the best quality of meat. They are valuable, primarily, 
for the lard which they produce. The breeds with more vigorous 


Fic. 20.—First cross between a Piney-Woods ewe and a purebred ram, showing improvement in type 
and wool. 


erowth and less tendency to fatten, such as the Tamworth and York- 
shire, produce a better quality of ham and bacon. : 

In parts of the Corn Belt the native hogs have been improved to 
such extent by crosses with purebreds that the advantages of con- 


PRINCIPLES OF LIVESTOCK BREEDING. 61 


sistent grading to one pure breed are perhaps rather in obtaining 
uniformity of color and type than in efficiency of pork production. 
In many parts of the country, however, there is still much room for 
improvement in the fundamental qualities. 

Sheep breeding is complicated by the simultaneous selection for 
wool and mutton. Hach of the breeds produces its own characteristic 
kind of wool. Any desired fineness or length of fiber which is found 
in a pure breed can easily be fixed in common stock by grading up. 


As regards mutton, the same principles apply as in beef production. 


The same qualities have been fixed in the middle and long-wool 
breeds of sheep as in the beef breeds of cattle. 


Fic. 21.—The same Piney-Woods ewe as in Fig. 22.—First cross between Piney-Woods 
figure 19, showing the lack of wool on the ewe and a purebred ram, showing wool on ab- 
abdomen. Total wool clip, 3 pounds. domen. Total clip, 8 pounds. 


BREEDING AND SOUNDNESS IN HORSES. 


The hereditary differences among the breeds of horses are more 
conspicuous than in any other kind of livestock. Differences in 
weight, speed, ¢nd conformation are fairly well fixed in the pure breeds, 
but, of course, unfixed in scrubs. The effect of a cross with a given 
pure breed can be predicted, at least in a rough way, but no predictions 
are of value in case the stallion is ascrub. Of the greatest importance 
for any kind of horse are good feet and legs. Scrub stallions, even 
if apparently sound themselves, are more likely to transmit unsound- 
ness than stallions of the pure breeds, especially if the latter are 
known to come from sound stock. There is, perhaps, less excuse 
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for scrub stallions than for scrub males of any other kind of live- 
stock. 

Whether it is advisable for a man who breeds only 1 or 2 mares a 
year to breed always to a stallion of the same pure breed is more 
often questioned. It may seem best to attempt to balance a certain 
defect in a grade Percheron mare by breeding to a Clydesdale stallion. 
The colt is practically a crossbred and should have the vigor of a 
crossbred with at least the general conformation and size of a draft 
horse. There is, however, much more uncertainty in such breeding 
than in consistent grading to a single pure breed. In crossbreeding, 


Fic. 21.—A Percheron Stallion. 


Descendant of along line of impressive ancestors and himself a sire of valuable draft horses. 


one defect on which attention is fixed may be improved, but unex- 
pected ones are likely to appear. In shifting constantly from breed 
to breed there can be no assured progress toward a definite ideal. 


POULTRY. 


The various breeds of standardbred poultry have been selected in 
the past largely according to type and feathers. The heavy breeds 
can be trusted to excel‘in meat production, but the situation has not 
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been very satisfactory in regard to eggs. "With the systematic tak- 
ing of yearly egg records, however, it will probably not be long before 
reliable strains of egg producers will have become thoroughly estab- 
lished in all the breeds with pretensions in this direction. Great 
differences among breeds and strains within the breeds have been 
clearly demonstrated. 


SATISFACTION FROM PLEASING APPEARANCE. 


In this discussion, attention has been devoted in the main to the 
strictly practical merits of the pure breeds. It would not be fair to 


Fig. 24.—A Standardbred stallion. 


conclude without referring to another aspect. This is the satisfac- 
tion to be derived from a uniform stock which presents a pleasing 
appearance in type and color. The appeal of the beautiful or ma- 
jestic in livestock has been, perhaps, the most important motive 
leading to their improvement. Pride in the possession of such live- 
stock and the constant inspiration to be derived from their further 


improvement are considerations beyond the purely material ad- 
vantages. | 
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SUMMARY. 


Animals and plants are composed of microscopical units—the cells. 
Fach cell has a specialized central portion, the nucleus, which con- ’ 
tains a number of threadlike or rodlike bodies called chromosomes. 
The number of chromosomes is constant in each kind of animal or 
plant. 

Every animal begins its career in the union of two cells—the egg 
cell from the dam and the sperm from the sire. 

In a sense the reproductive cells are not produced by the parents 
but are unspecialized bits of the same material from which the 
parents themselves originally developed. Heredity consists merely 
in the retention, by the reproductive cells, of the power to develop 
into a complete individual under the proper conditions. 

Characteristics acquired by the parents through training, care, or 
accident are not transmitted to their progeny. Belief in the in- 
fluences of telegony and maternal impressions has no scientific 
foundation. 

The heredity, (eamemiteed by the reproductive cells, is composed 
of unit factors, each of which is handed on unchanged from genera- 
tion to generation. 

Hereditary differences depend on the existence of alternative forms 
of certain unit factors. Such alternative factors are called alle- 
lomorphs of each other. 

The egg and sperm each contain, typically, a full set of the unit 
factors characteristic of the kind of animal. Their union results in 
a double set in the fertilized egg. 

This double set may be composed in part of pairs of identical factors 
and in part of pairs of alternative factors. The individual is said to 
be homozygous in regard to the former, and heterozygous in regard 
to the latter. 

It often happens that one of the alternative factors in a hetero- 
zygous individual expresses itself fully in development at the expense 
of the other. Such a factor is said to be dominant. The factor 
whose influence is suppressed is said to be recessive. The normal 
type of a species is usually dominant over deviations from normal. 

Most characteristics depend on the combined influence of a number 
of pairs of factors. 

The double set of factors in the individual is sorted out into single 
sets in the formation of the reproductive cells. Individuals produce 
only one kind of reproductive cell in those respects in which they 
are homozygous and two kinds in those in which they are hetero- 
zygous. 

Parallel to the results of genetic experiments, the microscope reveals 
the chromosomes in pairs in the body cells, in place of the single set 


i 


66 BULLETIN 905,.U. S. DEPARTMENT OF AGRICULTURE. 


to be observed in the reproductive cells. There is convincing evi- 
dence that the chromosomes are the bearers of the hereditary factors. 

In most cases two factors which come into an individual’s heredity 
from the same parent are no more likely to go into the same repro- 
ductive cell than two factors which were derived from opposite 
parents. 

In some cases, on the other hand, there is a tendency for factors 
which enter a cross together to come out together in the second 
generation. Such factors are said to be linked with each other in 
inheritance. : 

The hereditary factors of a species fall into groups in such a manner 
that those in the same group are all lmked with one another, while 
those in different groups show no linkage. It is believed that each 
lmkage group contains the factors which are carried by a given 
chromosome. 

Sex is normally determined by a difference in the chromosomes. 
In some cases, including mammals, the male produces two kinds of 
sperms, male and female determining, respectively. In other cases, 
including birds, it is the female that is heterozygous for sex. 

A number of characteristics are known which are linked with sex 
in inheritance in such way as to indicate that they are carried by the 
chromosome that determines sex. 

No practical means of modifying the sex ratio is yet known, with 
the possible exception of inbreeding and selection. 

The colors of farm livestock depend in most cases on relatively 
few unit factors. The same is true of a few other characteristics, 
such as the polled condition of cattle and the various comb shapes 
of poultry. 

Differences in size, type, and function are believed to depend in 
most cases on many factors. Their inheritance can not, so far as - 
known at present, be controlled by such direct methods as the 
simpler characteristics. 

There is equal inheritance from the sexes. 

Prepotency depends neither on breed nor on sex, nor does the 
prepotency of an individual in one respect indicate his prepotency 
in others. In part, prepotency depends on the nature of the heredity 
back of particular characteristics, especially on the dominance of 
the factors which are involved. In part, it depends on the fixation 
of heredity, which means the making of all pairs of factors homozy- 
gous. 

Variation is composed of four elements: that due to different com- 
binations of hereditary factors, that due to the appearance of new 
hereditary factors (or mutations), that due to outside conditions 
which can be controlled, and that due to uncontrollable conditions, 
such as chance irregularity in development. Some characteristics 
are determined to a greater degree by heredity than others. 
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Straight selection is sometimes effective in fixing characters, but 
a single unfortunate cross is likely at any time to upset much previous 
work. 

The primary effect of inbreeding is the automatic fixation of some 
combination of hereditary factors present in the stock. This leads 
to uniformity of type or function, if such uniformity is possible. 
When not possible, owing to variation which is not genetic, the 
hereditary potentialities of different lines are at least clearly brought 
out. Decline in vigor is a common but not a necessary consequence 
of the fixation of heredity. 

The first generation of a cross is as uniform in character as the 
parent stocks, and, in general, shows increased vigor. The type is 
usually, but not always, intermediate between that of the parents. 
In the second generation there is increased variability, the character- 
istics of the grandparents being combined, as a rule, in all combina- 
tions and degrees. 

Aside from mere increase in numbers, the principal objects of 
breeding are to produce uniformity of a desired type and improve- 
ment. 

Uniformity of type depends on close breeding accompanied by 
selection, and may either be fixed within a line or secured in the first 
generation of a cross. 

Radical improvement depends on crossbreeding followed by close 
breeding and selection in order to fix the desired combination of 
characteristics when obtained. 

Improvement of inferior types, whether scrub or purebred, de- 
pends on the consistent use of prepotent males of the same breed or 
line within the bred. 

Selection of breeding stock requires good judgment in estimating 
the merits and properly weighing the claims of the animal’s per- 
formance, his conformation, pedigree, and previous success as a 
breeder. 

The most direct tests of performance are the best. 

The best evidence of the value of an animal in breeding is his past 
record in this respect, if sufficiently extensive. 

In judging the value of a pedigree, the worth and similarity in 
type of the progeny produced by the three or four closest top-cross 
males in the ancestry in connection with their own worth and their 
relationship to one another are the most important considerations. 
The sire should be given twice as much weight as the dam’s sire, and 
so on. : 

The pure breeds of livestock are the successful results of past 
efforts at improvement and should form the basis for further progress. 
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BOOKS ON THE BREEDING OF ANIMALS. 


Most of the references to experiments and other data given in the 
present bulletin may be followed up through one or another of the - 
following books, which may also be helpful to those who wish to go 
into the subject of breeding in more detail. 

The first two deal more with practical livestock breeding, the 
others with the physiology of reproduction, inbreeding, and out- 
breeding and the principles of heredity in a more theoretical aspect. 


The Breeding of Animals, by F. B. Mumford. 1917. 

Breeding Farm Animals, by F. R. Marshall. 1911. 

The Physiology of Reproduction, by F. H. A. Marshall. 1910. 

Inbreeding and Outbreeding, by E. M. East and D. F. Jones. 1919. 

Genetics, by H. E. Walter. 1922. 

Heredity and Environment, by E. G. Conklin, 1915. 

Genetics in Relation to Agriculture, by E. B. Babcock and R. E. Clausen. 1918. 

Genetics and Eugenics, by W. E. Castle. 1920. 

The Physical Basis of Heredity, by T. H. Morgan. 1919. 

The Mechanism of Mendelian Heredity, by T> H. Morgan, A. H. Sturtevant, H. J. 
Muller, and C. B. Bridges. 1915. 
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